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THE  REACTIONS  OF  CERTAIN  CEREALS  TO  FREEZING  TEMPERATURES. 


A.W.  Platt 


INTRODUCTION. 


The  effect  of  low  temperatures  on  plant  growth  has 
been  a  subject  of  interest  to  man  since  he  first  began  his 
study  of  plant  life.  As  few  areas  in  the  world  are  free  from 
the  risk  of  damage  to  plant  life  through  the  advent  of  low 
temperatures,  the  subject  is  still  of  almost  world-wide 
interest.  For  example,  we  find  reference  in  the  literature 
to  damage  by  low  temperatures  suffered  by  rye  in  Alberta,  by 
corn  in  Michigan,  by  cowpeas  in  Kansas,  by  cotton  in  Mississippi 
by  sugar  cane  in  Cuba  and  by  coffee  in  Brazil. 

Early  investigations  upon  this  subject  were  greatly 
hampered  as  the  investigators  were  obliged  to  depend  upon 
naturally  occurring  low  temperatures,  or  on  mixtures  of  ice 
and  salt,  or  on  similar  devices,  with  the  attendant  difficulties 
in  reaching  the  desired  temperatures  and  maintaining  them  for 
any  length  of  time.  In  recent  years  the  advent  of  mechanical 
refrigeration  has  removed  or  greatly  lessened  these  difficulties 
and  since  that  time  a  good  deal  of  progress  has  been  made  in 
the  study  of  plant  behavior  at  low  temperatures. 
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In  cereal  crops  the  work  on  the  low  temperature  reaction 
of  plant  tissue  has  largely  been  confined  to  the  so-called  fall 
or  winter  varieties,  probably  because  these  varieties  are  of 
necessity  exposed  to  relatively  low  temperatures  and,  as  a  result, 
the  damage  sustained  is  frequently  very  great.  In  contrast  to 
this  the  spring  varieties  from  the  standpoint  of  their  reaction 
to  low  temperatures,  have  been  largely  neglected. 

In  the  present  investigation  the  reactions  of  spring 
varieties  of  wheat,  oats  and  barley  to  freezing  temperatures 
in  the  seedling  stage  and  of  spring  wheat  varieties  in  the 
heading  stage,  were  studied.  The  investigation  may  be  said  to 
have  had  four  objectives,  namely; 

1.  To  determine  the  effect  of  exposures  to  freezing  temperatures 
on  the  subsequent  growth  of  the  plants. 

2.  To  determine  the  relative  resistance  of  plants  growing  under 
various  nutritional  conditions  to  freezing  temperatures. 

3.  To  determine  the  effect  of  various  local  environmental  factors 
prevalent  during  the  growth  and  the  freezing, of  plants  used  for 
experimental  purposes,  on  the  frost  injury  sustained  by  such 
plants. 

4.  To  determine  whether  or  not  varietal  differences,  with 
respect  to  injury  by  freezing  temperatures,  exist  in  the 
commonly  grown  varieties  of  wheat,  oats  and  barley,  and  to 
determine  as  far  as  possible  the  magnitude  of  any  such 
differences. 
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The  results  obtained  with  regard  to  each  aspect  of 
the  Investigation  referred  to  above  will  be  presented  in 
separate  sections  of  this  paper,  together  with  a  brief  review  of 
the  relevant  literature  and  the  methods  followed  in  carrying 
out  the  experimental  work. 
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GENERAL  METHODS 


In  this  investigation  a  York  refrigerating  plant 
was  rased  to  obtain  the  low  temperatures  desired.  Two 
chambers,  each  of  which  was  9  feet  by  10  feet  by  6.5  feet 
high,  were  available  for  use.  The  outer  chamber  was  fitted 
with  artificial  lights  and  used  as  a  hardening  chamber,  while 
the  inner  chamber  was  used  for  exposing  the  plants  to  freezing 
temperatures.  The  refrigerating  coils  in  these  chambers  are 
placed  overhead.  Circulation  of  air  to  insure  uniform 
temperatures  throughout  the  chamber,  was  accomplished  by  means 
of  a  Sirocco  suction  fan  and,  in  addition,  by  two  office  fans 
placed  at  strategic  points  within  the  chamber.  Despite  these 
precautions  pockets  of  warm  and  cold  air  did  occasionally  form 
during  the  freezing  exposure  and,  in  consequence,  adequate 
replication  was  necessary  in  order  to  allow  for  the  variations 
in  damage  that  resulted  from  such  pocket  formation.  The 
temperature  within  the  chamber  was  controlled  by  means  of  a 
thermo- regulator  which  allowed  a  variation  In  temperature  of 
about  1.5°C. 

Unless  otherwise  stated,  the  material  was  grown  in 
wooden  flats  the  dimensions  of  which  were  22  by  16  by  4  inches. 

A  blac£,  highly  fertile  soil,  characterized  by  a  high 
organic  matter  content  and  known  as  Edmonton  loam,  was  used  in 
all  experiments  unless  otherwise  noted. 
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in  many  of  the  experiments  the  plants  were  pre-chilled, 
that  is;  they  were  exposed  to  a  temperature  of  0°C.  just  previous 
to  an  exposure  to  freezing  temperatures.  The  duration  of  the 
pre-chilling  period  varied  in  the  different  experiments  and 
consequently  will  be  specified  in  each  individual  instance. 

After  an  exposure  to  freezing  temperatures  the  plants 
were  allowed  to  recover  for  about  ten  days  before  the  damage 
sustained  by  them  was  estimated.  At  that  time  the  number  of 
plants  falling  into  each  of  four  classes  was  noted.  In  class 
one  were  placed  those  plants  that  were  killed;  in  class  two 
those  severely  injured;  in  class  three  those  slightly  injured; 
and  in  class  four  those  that  were  apparently  uninjured.  Each 
plant  falling  into  class  one  was  given  a  survival  value  of  0.0, 
each  into  class  two  of  0.33,  each  into  class  three  of  0.66  and 
each  into  class  four  of  1.0.  For  a  given  lot  of  plants  these 
values  were  summated,  multiplied  by  100  and  divided  by  the 
number  of  plants  present  to  give  a  survival  index  for  that 
particular  lot  of  plants.  The  survival  indices  so  calculated 
range  from  0  to  100,  0  indicating  complete  killing  and  100 
indicating  no  apparent  damage. 

Similar  survival  indices  have  been  found  by  Martin  (8), 
Salmon  (14),  Aamodt  and  Platt  (1)  and  others,  to  be  highly 
correlated  with  the  percentage  of  dead  plants.  The  objection 
to  using  this  latter  criterion  of  injury  is  the  fact  that  in 
many  experiments  no  plants  whatever  are  killed,  even  though 
there  may  be  marked  differences  in  injury.  The  percentage  of 
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plants  killed  in  such  cases  giveB  no  indication  whatever  of  the 
degree  of  injury  and  consequently  when  the  investigator  depends 
upon  this,  no  results  are  secured  from  the  experiment.  Since 
it  is  sometimes  difficult  to  accurately  determine,  beforehand, 
the  temperature  at  which  differential  killing  will  occur, 
dependence  on  percentage  kill  alone  means  that  a  certain  portion 
of  the  experiments  will  contribute  no  data  of  value. 

The  analysis  of  variance  as  presented  by  Fisher  (2)  has 
been  used  for  the  statistical  treatment  of  the  data  obtained 
wherever  this  was  possible.  However  the  significance  of  the 
mean  square  of  any  possible  Variable,  compared  with  the  mean 
square  for  error,  has  been  determined  by  the  F  method  given 
by  Snedecor  (17}  rather  than  the  Z  method  given  by  Fisher. 
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The  Effect  of  Freezing  Temperatures  and  of  Defoliation 
on  the  Subsequent  Growth  of  Wheat  Plants 


Literature  review . 

The  investigations  of  Waldron  (19,20)  appear  to  be 
the  only  work  published  to  date  on  the  effect  of  frost  injury 
on  the  subesquent  growth  of  wheat  plants. 

In  his  earlier  work  (19)  Waldron  reports  that  the 
varieties  Ceres  and  Hope  were  growing  in  each  of  two  spring 
wheat  nurseries.  These  nurseries  were  growing  under  apparently 
uniform  conditions,  except  that  one  nursery  received  some 
shelter  from  a  windbreak.  A  frost  occurred  which  damaged  the 
unsheltered  nursery  but  did  not  damage  the  sheltered  one.  In 
the  former  nursery  Hope  was  found  to  be  severely  damaged  while 
Ceres  exhibited  little  or  no  damage.  At  harvest  it  was  found 
that  the  yield  of  Hope  and  of  Ceres,  in  the  nursery  showing 
no  frost  damage,  was  approximately  equal  but  in  the  nursery 
showing  frost  damage,  the  slightly  damaged  Ceres  outyielded 
the  severely  damaged  Hope  by  approximately  13  bushels  per  acre. 
Waldron  attributes  this  relative  lowering  of  the  yield  of  Hope 
to  the  frost  damage  sustained  by  it  in  the  seedling  stage* 

Later  (20)  a  hybrid  nursery  was  damaged  by  spring 
frosts.  Waldron  noted  that  in  rows  of  Fg  material,  and  in 
the  variety  Hard  Federation,  some  of  the  plants  were  severely 
injured  while  others  escaped  without  injury.  The  injured  and 
non-in jured  plants  were  tagged.  At  maturity  it  was  noted  that 
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the  culms  of  the  injured  plants  were  about  10  per  oent  shorter 
than  those  of  the  non-in jured  plants,  and  that  the  number  of 
fertile  culms  and  the  grain  yield  per  plant  Was  reduced  by 
about  50  per  cent.  No  mention  was  made  as  to  the  relative 
growth  periods  of  the  injured  and  non-in jured  plants. 

The  differences  in  injury  sustained  by  the  individual 
plants  are  regarded  by  Waldron  as  probably  genetical  in  nature. 
He  points  out  that  should  the  genes  for  susceptibility  to  frost 
be  responsible  for,  or  linked  with,  the  genes  for  lessened 
height  and  lowered  yield,  the  conclusions  drawn  would  not  be 
valid.  However,  the  inclusion  of  the  rows  of  Hard  Federation, 
which  behaved  similarly  to  the  hybrid  lines,  suggested  that 
such  an  association  of  genes  did  not  exist. 

Waldron  concludes  that  injuries  of  this  sort  must 
have  an  effect  on  yield  per  acre,  as  any  increased  growth  of 
the  non-injured  plants  above  what  would  have  occurred  normally 
could  not  compensate  for  the  losses  of  the  injured  plants, 
which  would  remain  as  competitors. 

Experiment  1. 

Methods. 

The  first  experiment  was  concerned  with  a  comparison 
of  the  growth  period,  height  and  number  of  fertile  culms  per 
plant  of  frozen,  defoliated  and  non-injured  plants. 


. 


. 

- 

♦  '  •  '  •'  *  jriiCdS 


.  t 


v 

■  ^  \r'  rc •;.<■■.  S3 

■  : 


.■ 

:•  $CtT 

yd  * :  07  07-3 

.oli/i-Js  dr  :d  tftf®  etaioq  sii 


.  ..  ye  ■  -  '  ■  ■■ 

3V  ",  •. “0-'  •>*'•.  J 

t;*  ?7&rjo* ■■  3*07  s/id  lo  tied Et/ Ion i 

+  j  /3  ■  (70  V  t  #  ®*  X^ 


•to  *  SldX  SilOqiS^l  «Xf 

..  .  .  .  c  j  Jjjife'ii 

. 

1  i  n  J 


, 


•  .  -  h  "  tO  2  ■  ...■■■ 

il  -ire 

•  • 

. 


.  - r-.  J-j  ' 

,  ■■  :  t T < '  '<  3  l 1"  ..:••/  0  3CW  diiGilil  730X0  3ilT 

...  :  .  {JbOi7S  - 

-  -  . 


-  9  - 


Five  varieties  of  spring  wheat,  namely:  Garnet  C.A.N, *1316, 
Reward  C.A.N.  1509,  Red  Bobs  222  C.A.N.  1637,  Marquis  C.A.N.  1621 
and  Canus,  were  used. 

As  the  exposure  to  freezing  temperatures  had  to  be  made 
in  the  freezing  chamber,  it  was  necessary  to  grow  the  plants  in 
containers  in  order  that  they  might  be  moved  in  and  out  of  the 
ohamber. 

The  first  lot  of  plants  used  was  grown  in  six-inch 
flower  pots.  Five  seeds  were  planted  in  each  pot  and  upon 
emergence  the  plants  were  thinned  to  a  uniform  stand  of  three 
plants  per  pot. 

Then  the  plants  reached  the  -two-leaf  stage  they 
were  divided  into  two  lots.  One  lot  was  again  sub-divided  into 
four  sub-lots.  One  sub-lot  was  left  as  a  non-in jured  check, 
two  sub-lots  were  exposed  ti>  freezing  temperatures,  the  first 
at  -8°C.  for  four  hours  and  the  second  at  -12°C.  for  four 
hours;  and  the  fourth  sub-lot  was  dipped  off  about  one-half 
inch  above  the  surface  of  the  soil. 

It  was  desired  to  injure  all  varieties  to  approximately 
the  same  degree.  In  order  to  attain  this  objective  it  was 
necessary  to  select  plants  having  the  required  smount  of  injury 
from  each  of  the  varieties  used.  In  the  lightly  frozen  lot 
only  plants  having  less  than  50  per  cent  of  their  foliage  injured 
were  saved,  while  in  the  severely  frozen  lot  only  plants  having 


*  Canadian  accession  number. 
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more  than  50  per  cent  of  their  foliage  injured  were  saved. 

The  appearanoe  of  typieal  lightly  end  severely  frozen  plants  at 

the  time  of  selection  is  shorn  in  Figure  1. 

The  second  lot  was  treated  in  the  same  manner  as  the 
first  lot  when  it  reached  the  five-leaf  stage,  and  the  frozen 
plants  were  again  similarly  selected. 

All  this  material  was  allowed  to  grow  to  maturity 
in  the  greenhouse. 

The  second  group  of  plants  used  in  the  first  experiment 
were  grown  in  flats.  These  flats  were  sub-divided  into  compart¬ 
ments  by  bottomless  cardboard  boxes  which  were  two  inches  square 
and  extended  to  the  bottom  of  the  flat.  One  plant  was  grown  in 
each  compartment. 

The  plants  were  frozen  in  the  two-  and  five-leaf  stages, 
as  described  above,  and  the  frozen  plants  were  similarly  selected. 

At  the  time  of  selection  all  plants  were  transplanted 
to  the  field  into  rows  one  foot  apart,  and  with  the  plants 
two  inches  apart  within  the  row.  Because  of  the  cardboard 
containers  it  was  possible  to  lift  out  the  plants  with  the  soil 
surrounding  them,  and  place  them  in  the  field  without  disturbing 
them  to  any  extent.  The  only  sign  of  injury  observed  was  in 
some  of  the  plants  transplanted  in  the  five-leaf  stage  where, 
in  some  cases,  the  roots  had  run  along  the  bottom  of  the  flat 
and  consequently  became  broken  off  in  transplanting.  In  all, 
over  4,000  plants  were  so  transplanted  and,  by  actual  count, 
there  was  100  per  cent  survival. 
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For  the  purpose  in  hand,  namely  the  comparison  of 
injured  and  non- injured  plants,  the  method  appeared  by  careful 
observation  to  be  quite  suitable.  The  only  suggestion  of  a 
differential  effect  noted  was  that  the  check  lots  of  plants 
appeared  to  suffer  more  after  transplanting  than  did  the 
defoliated  or  severely  frozen  plants,  probably  as  a  result  of 
their  greater  development  of  foliage.  Weather  conditions  were 
ideal  at  the  time  of  transplanting,  and  this  fact  probably 
accounts  to  a  large  extent  for  the  good  results  obtained. 

It  should  be  noted  that  when  the  plants  were  grown 
to  maturity  in  the  greenhouse,  all  plants  were  growing  under 
similar  environmental  conditions  at  all  times,  but  that  this 
was  not  so  when  the  plants  were  transplanted  to  the  fldld,  as 
those  injured  in  the  five-leaf  stage  remained  in  the  greenhouse 
for  some  time  after  those  injured  in  the  two-leaf  stage  had 
been  removed  to  the  field. 

The  date  of  heading  of  each  individual  plant  was 

recorded. 

At  maturity  the  plants  were  harvested  and  the  number 
of  fertile  culms  per  plant,  as  well  as  the  height  in  centimetres 
of  each  plant  from  the  base  to  the  apical  spikelet  excluding 
awns,  was  recorded. 

The  yield  per  plant  was  not  recorded  as  the  grain 
from  the  material  grown  in  the  field  was  so  badly  damaged  by 
fall  frosts  that  data  on  yield  per  plant  would  have  been 
valueless. 
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Results. 

Days  from  emergence  to  heading.  The  data  obtained 
with  regard  to  the  days  from  emergence  to  heading  of  injured 
and  non- injured  plants  grown  in  the  field  and  in  the  greenhouse, 
are  presented  in  Table  I.  For  convenience  the  differences  in 
days  from  emergence  to  heading  between  each  mean,  and  all  other 
comparable  means,  were  calculated.  These  data  are  presented 
in  Table  II. 

It  will  be  noted  that  in  all  cases  the  injured 
plants  were  later  in  heading  than  were  the  non-injured  plants 
and  that  these  increases  are  statistically  significant.  Amongst 
the  injured  groups  those  severely  frozen  were  in  general  the 
latest  in  heading.  In  all  cases  they  were  later  than  the  lightly 
frozen  plants  and,  except  for  the  Marquis  and  Canus  plants  injured 
in  the  two- leaf  stage  and  grown  in  the  field,  they  were  signifi¬ 
cantly  later  than  the  defoliated  plants.  On  the  average  the 
defoliated  plants  were  later  than  the  lightly  frozen  plants, 
but  in  many  individual  instances  this  was  not  the  case,  particularly 
amongst  plants  injured  in  the  two-leaf  stage  and  grown  in  the 
greenhouse. 

It  will  be  noted  that,  on  the  whole,  the  differences 
between  groups,  especially  the  differences  between  the  non-injured 
and  the  injured  groups,  were  accentuated  when  the  plants  were 
grown  to  maturity  in  the  greenhouse  as  compared  with  the 
differences  obtained  when  the  plants  were  grown  to  maturity  in 
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the  field.  However,  the  relative  differences  between  groups 
grown  in  the  greenhouse  and  comparable  groups  grown  in  the 
field  is  quite  consistent. 

In  comparing  the  degree  of  retardation  in  date  of  heading 
sustained  by  plants  injured  in  the  two,  and  those  injured  in  the 
five-leaf  stage,  it  will  be  noted  that  for  the  most  part  those 
injured  in  the  five-leaf  stage  were,  relative  to  the  checks, 
about  one  to  two  days  later  than  those  injured  in  the  two-leaf 
stage. 


Height.  The  data  obtained  on  the  height  of  injured 
and  non- injured  plants  grown  in  the  field  and  in  the  greenhouse 
are  presented  in  Table  III.  For  convenience,  the  differences  in 
height  between  each  mean  and  all  other  comparable  means  were 
calculated.  These  data  are  presented  in  Table  IT.  From  the 
data  presented  it  will  be  seen  that,  in  the  majority  of 
instances,  the  differences  noted  between  the  mean  heights  of 
any  two  comparable  groups  of  plants  are  less  than  10  centimetres 
in  extent,  and  that  only  two  of  these  exceed  14  centimetres. 

It  will  also  be  noted  from  the  data  presented  that  no 
apparent  relationship,  for  all  varieties  and  conditions  present, 
exists  between  height  at  maturity  and  injury  in  the  seedling 
stage.  There  is  a  tendency  for  the  frozen  and  defoliated  plants 
to  be  shorter  than  the  non- injured  plants  when  they  were  grown 
to  maturity  in  the  greenhouse,  with  the  exception, particularly, 
of  Garnet  plants.  The  lightly  frozen  plants  when  grown  in  the 
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field  show  a  tendency  to  be  taller  than  the  non- injured  plants. 

The  defoliated  and  severely  frozen  plants  grown  in  the  field 
failed  to  show  any  tendency  to  be  generally  shorter  or  taller 
than  the  comparable  non- injured  plants. 

Fertile  culms  per  plant.  The  data  obtained  on  the 
number  of  fertile  culms  per  plant  of  plants  grown  in  the  field 
and  in  the  greenhouse  are  presented  in  Table  V.  For  convenience 
the  differences  in  the  number  of  fertile  culms  per  plant  between 
each  mean  and  all  other  comparable  means  were  calculated.  These 
data  are  presented  in  Table  VT. 

From  the  data  presented  it  will  be  noted  that  when  the 
plants  were  grown  to  maturity  in  the  greenhouse  there  was,  for 
the  most  part,  little  difference  in  the  mean  number  of  fertile  culms 
per  plant  between  any  of  the  groups  studied!  As  three  plants  were 
grown  in  each  six-inch  flower  pot,  it  is  believed  that  one  or  more 
soil  nutrients  became  limiting  to  such  an  extent  that  this  factor 
was  of  greater  importance  in  determining  the  number  of  culms  per 
plant  than  were  the  treatments  to  which  the  plants  were  subjected. 
This  belief  is  strengthened  by  the  fact  that  varietal  differences 
between  the  means  of  check  lots  are  practically  non-existent  under 
these  conditions,  while  under  normal  conditions  such  differences 
would  be  expected  and  were,  in  fact,  observed  when  the  plants 
were  grown  to  maturity  in  the  field. 

According  to  the  data  obtained,  the  defoliated  and 
severely  frozen  plants  grown  in  the  field  had,  with  the  exception 
of  the  defoliated  Reward  plants  injured  in  the  two-leaf  stage,  and 
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Number  of  fertile  culms  per  plant  of  wheat  plants  injured  in  the  seedling  stage 
by  frost  and  by  defoliation. 
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Red  Bobs  2-leaf  stage  No  injury  59  1.64  0.08  28  6.18  0.33 

222  Light  frost  34  1.59  0.12  125  4.93  0.16 

Foliage  removed  30  1.50  0.17  64  5.17  0.21 

Severe  frost  46  1.72  0.13  40  3.80  0.23 
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5-leaf  stage  No  injury  60  2,17  0.09  64  4.92  0.25 

Light  frost  62  1.98  0.09  100  4.17  0.16 

Foliage  removed  29  2.34  0.18  37  4.11  0.24 

Severe  frost  14  1.86  0.23  3  2  3.78  0.41 
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the  defoliated  and  severely  frozen  Marquis  plants  injured 
in  the  five-leaf  stage,  a  smaller  number  of  fertile  oulms 
per  plant  than  did  the  comparable  non-in jured  plants. 

Considering  the  lightly  frozen  plants,  it  will  be  noted  that 
those  of  Garnet  injured  in  the  two-leaf  stage  had  more  fertile 
culms  per  plant  than  did  comparable  non-injured  plants;  while 
those  of  Red  Bobs  222  injured  in  the  two-leaf  stage  and  those  of 
Canus  injured  in  the  two-  and  the  five-leaf  stage  had,  oonversely, 
fewer  fertile  culms  per  plant  than  the  comparable  non-injured  plants 
and  that  in  all  other  cases  the  differences  noted  are  not  statis¬ 
tically  significant. 

The  diminution  in  number  of  fertile  culms  per  plant 
sustained  by  the  injured  plants  in  comparison  with  non-injured 
plants  did  not  appear  to  be  consistently  influenced  by  the 
stage  of  development  at  which  the  injury  occurred. 

Experiment  2. 

Methods. 

The  second  experiment  was  concerned  with  a  comparison 
of  defoliated  and  normal  plants  grown  under  field  conditions. 

The  five  varieties,  used  in  the  first  experiment,  were 
grown  in  five-row  plots,  the  rows  being  18  feet  long  and  one  foot 
apart. 

The  young  plants  were  subjected  to  three  treatments. 

One  lot  was  left  as  the  non-injured  check,  a  second  was  defoliated 
at  the  two-leaf  stage,  and  a  third  was  defoliated  at  the  five-leaf 
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stag©.  Each  treatment  was  replicated  four  times. 

The  height  at  maturity,  growth  period  and  yield  of 
each  plot  were  recorded. 

Results. 

Growth  period.  A  summary  of  the  data  obtained  6n  the 
growth  periods  of  defoliated  and  non-injured  plants  grown  under 
field  conditions  is  presented  in  Table  VII.  An  analysis  of 
variance  was  calculated  from  the  data  obtained,  and  is  presented 
in  Table  VIII. 

According  to  the  data  presented  the  defoliated  plants 
were  later  in  maturing  than  were  the  non-injured  plants.  On 
the  average  those  plants  defoliated  in  the  two-leaf  stage  were 
about  three  days,  and  those  defoliated  in  the  five-leaf  stage 
about  five  days  later  in  maturing  than  were  the  non- injured 
plants.  The  standard  error  of  the  difference  between  the  means 
of  any  two  treatments  was  calculated  and  found  to  be  equal  to  0.71 
days,  consequently  differences  in  excess  of  1.4  days  may  be  con¬ 
sidered  significant.  It  is  evident  that  the  increases  in  the 
growth  periods  of  defoliated  plants  are  statistically 
significant.  Also,  it  is  evident  that  the  growth  periods  of 
plants  defoliated  in  the  five-leaf  stage  are  significantly 
greater  than  are  those  of  plants  defoliated  in  the  two-leaf 
stage.  This  retardation  in  the  maturing  of  defoliated  plants 
grown  under  field  conditions  is  but  slightly  less  than  the 
retardation  in  heading  of  the  defoliated  plants  grown  in  the 
greenhouse  or  of  those  transplanted  to  the  field. 
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TABLE  VIII 

Analysis  of  variance  of  the  growth  periods 
of  defoliated  and  normal  wheat  varieties. 


Variation  due  to: 

Degrees  of 
freedom 

Sum  of 
squares 

Mean 

square 

F 

Varieties 

4 

525.78 

131.45 

26.24* 

Treatments 

2 

240.60 

120.30 

24.01* 

1  i 

Varieties  x  treatments 

8 

25.02 

3.13 

- 

Blocks 

3 

5.40 

1.80 

- 

Error 

42 

210.40 

5.01 

- 

Total 

59 

1007.20 

- 

- 

*  Exceeds  the  1 %  point 
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TABLE  IX 


Analysis  of  variance  of  the  height  at 
maturity  of  normal  and  defoliated  wheat 
varieties. 


Degrees  of  Siam  of  Mean 


Variation  due  to: 

freedom 

squares 

square 

F 

Varieties 

4 

290.33 

72.59 

3.29** 

Treatments 

2 

646.70 

323.35 

14.65* 

Varieties  x  treatments 

8 

388.47 

48.56 

2.20** 

Blocks 

3 

190.60 

63.53 

2.88** 

Error 

42 

926.90 

22.07 

- 

Total 

59 

2443.00 

_ 

- 

*  Exceeds  the  1 %  point. 

**  Exceeds  the  5%  point. 
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TABLE  X 

Analysis  of  variance  of  the  yield  of  normal 
and  defoliated  wheat  varieties. 


Degrees  of 

Variation  due  to:  freedom 

Sum  of 
squares 

Mean 

square 

F 

Varieties 

4 

280.60 

70.15 

14.58* 

Treatments 

2 

218.27 

109.14 

22.69* 

Varieties  x  treatments 

8 

119.98 

15.00 

3.12* 

Blocks 

3 

77.63 

25.88 

5.38* 

Error 

42 

202.02 

4.81 

- 

Total 

59 

1104.10 

* 

*  Exceeds  the  1 %  point 
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Height.  A  summary  of  the  data  obtained  on  the 
height  of  defoliated  and  non-injured  plants  is  presented  in 
Table  VII.  An  analysis  of  variance  was  calculated  from  the 
data  obtained  and  is  presented  in  Table  IX.  The  mean  square 
due  to  treatments  is  significant  and,  therefore,  it  may  be 
concluded  that  defoliation  resulted  in  a  reduction  in  height. 

Yield.  A  summary  of  the  data  obtained  on  the  yield  of 
defoliated  and  non-injured  plants  is  presented  in  Table  VII. 

An  analysis  of  variance  was  calculated  from  the  data  obtained, 
and  this  is  presented  in  Table  X. 

According  to  the  data  in  Table  VII,  on  the  average, 
those  plants  defoliated  in  the  two-leaf  stage  suffered  a 
deorease  in  yield  of  3.4  bushels  per  acre,  and  those  defoliated 
in  the  five-leaf  stage  suffered  a  decrease  of  4.4  bushels  per 
acre  when  compared  with  non-injured  plants.  The  standard 
error  of  the  difference  between  the  means  of  any  two  treatments 
was  calculated  and  found  to  be  equal  to  0.693  bushels,  consequent 
ly  differences  in  excess  of  1.4  bushels  may  be  considered  signifi 
cant.  It  is  evident  that  the  decreases  in  yield,  due  to  defolia¬ 
tion,  are  statistically  significant.  Also  it  is  evident  that  the 
yield  of  plants  defoliated  in  the  five-leaf  stage  was  not  signifi 
cantly  different  from  that  of  plants  defoliated  in  the  two-leaf 
stage. 

Unfortunately  data  on  the  yield  per  plant  of  those 
plants  transplanted  to  the  field  are  not  available  for  comparison 
with  these  results.  It  will  be  recalled,  however,  that  in  the 
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transplantation  experiment  defoliation,  in  almost  every 
instance,  resulted  in  a  reduction  in  the  number  of  fertile 
culms  per  plant.  If  it  is  assumed  that  yield  is  correlated 
with  the  number  of  fertile  culms,  then  the  results  obtained 
in  these  two  experiments  are  essentially  similar. 


Differential  ability  of  varieties  to  recover  from 
defoliation  and  frost  injury  in  the  seedling  stage. 


In  these  experiments  the  varieties  used  suffered 
approximately  the  same  degree  of  frost  injury  in  the  seedling 
stage.  It  was  found  that  such  injury  modified  the  maturity, 
height  and  number  of  fertile  culms  per  plant.  The  question  as 
to  whether  or  not  varietal  differences  occurred  in  the  degree 
of  modification  will  now  be  considered. 

The  data  obtained  from  the  comparison  of  defoliated 
and  non-in jured  plants  in  Experiment  2  are  of  interest  in  this 
regard.  The  significance  of  the  mean  squares  obtained  for  the 
interaction  of  varieties  and  treatments  (Tables  VIII,  IX  and  X) 
may  be  used  as  a  measure  of  differential  varietal  response. 

In  the  cases  of  yield  and  height  significant  interactions  were 
evident  (Tables  IX  and  X).  It  is  apparent  from  the  data 
presented  in  Table  VII  that  a  differential  response  in  yield 
occurred  when  the  varieties  were  defoliated  at  the  five-leaf 
stage,  as  in  this  group  Garnet  and  Marquis  gave  relatively 
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higher  yields  than  did  Red  Bobs  222,  Reward  or  Canns.  In 
other  words,  the  results  show  that  under  the  conditions  of 
this  experiment  Garnet  and  Marquis  were  better  able  to  reoover 
after  defoliation  in  the  five-leaf  stage  than  were  the  other 
varieties  in  the  test.  Similarly,  the  data  concerning  height 
show  that  the  relative  damage  resulting  fran  defoliation  in 
the  two-  and  in  the  five-leaf  stages  was  more  severe  for  one 
variety  than  another;  for  example,  Garnet  was  more  severely 
damaged  when  defoliated  in  the  five-leaf  stage,  while  Canus 
suffered  more  in  the  two-leaf  stage. 

Considering  the  data  obtained  in  Experiment  1,  it  will 
be  noted  that  in  many  individual  instances  a  given  variety  was 
apparently  better  able  to  recover  from  injury  than  were  the  other 
varieties.  When  these  data  are  considered  as  a  whole,  however, 
it  is  apparent  that  no  one  of  the  varieties  was  consistently  able 
to  recover  from  the  same  degree  of  injury  to  a  markedly  greater 
extent  than  were  any  of  the  other  varieties. 

From  these  results  it  appears  that,  in  as  far  as  seedling 
frost  damage  affects  the  resulting  plant  growth,  the  variety 
showing  the  greatest  seedling  injury  will  have  its  subsequent 
growth  affected  to  the  greatest  extent.  It  follows,  therefore, 
that  seedling  frost  reaction  of  wheat  plants  is  a  good  index  of 
such  plants.  These  conditions  are,  however,  subject  to  the 
limitations  of  these  experiments  and  might  need  altering  if  data 
were  available  for  a  greater  number  of  varieties  studied  for 
other  growth  characters  under  different  environmental  conditions. 
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Discussion* 

As  has  been  pointed  out,  Waldron  (20)  concluded  from  the 
results  he  obtained  that  seedling  frost  injury  must  reduce  the 
yield  per  acre.  The  results  obtained  in  the  present  investigation 
are  not  conclusive  in  this  regard  but  seem,  for  the  most  part,  to 
support  this  contention.  In  practically  all  cases  the  plants 
severely  injured  by  low  temperatures  had  fewer  fertile  culms  per 
plant  than  did  the  comparable  non- injured  plants.  Waldron fs 
data  show  that  the  yield  per  culm  of  the  injured  plants  was 
lower  than  the  yield  per  culm  of  the  non-in jured  plants.  If  such 
is  the  case  in  the  present  investigation,  the  decrease  in  yield 
per  plant  would  be  greater  than  the  decrease  in  the  number  of 
fertile  culms  per  plant  would  indicate.  The  reduction  in  yield 
per  plant  under  the  conditions  of  this  experiment  does  not 
necessarily  mean  that  a  reduction  in  yield  per  acre  would  occur 
with  a  similar  amount  of  injury  under  field  conditions.  In  fact, 
when  the  amount  of  nutrients  per  plant  was  extremely  limited,  as 
when  the  plants  were  grown  to  maturity  in  pots,  the  majority  of 
the  injured  plants  failed  to  show  a  reduction  in  the  number  of 
fertile  culms,  when  compared  with  the  non- in jured  plants.  Such  a 
condition  might  be  expected  to  occur  under  certain  field  conditions. 
On  the  other  hand  a  definite  reduction  in  yield  per  acre  was  obtain¬ 
ed  under  field  conditions  due  to  defoliation.  Furthermore,  this 
reduction  was  at  least  somewhat  comparable  to  the  reduction  in 
fertile  culms  per  plant  of  the  defoliated  plants  growing  under 
similar  conditions  to  those  severely  frozen.  These  latter  results 
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appear  to  support  the  contention  of  Waldron  that  frost  injury 
in  the  seedling  stage  does  cause  a  reduction  in  yield  per  acre 
under  field  conditions. 

The  results  obtained  with  regard  to  the  influence  of 
seedling  injury  on  the  resulting  plant  height  indicate  that 
any  differences  in  height,  attributable  to  this  factor,  are 
not  of  sufficient  magnitude  to  be  of  any  significance  in 
commercial  wheat  production.  The  great  variability  obtained 
in  the  differences  in  height  between  injured  and  non-in jured 
plants  is  evidence  that,  in  addition  to  seedling  injury,  other 
factors  were  exerting  a  marked  influence  on  this  character. 

Seedling  injury,  due  to  frost  or  defoliation, 
appears  to  definitely  increase  the  growth  period  of  the  plants 
so  injured,  in  areas  such  as  west  central  and  northern 
Alberta  this  lengthening  of  the  growth  period  is  of  paramount 
importance  in  that  it  increases  the  hazard  of  fall  frosts  which 
severely  reduce  both  the  yield  and  the  quality  of  the  grain. 

The  data  obtained  indicate  that  an  increase  of  about  nine  days 
in  the  growth  period  may  be  expected  when  plants  are  severely 
frozen.  Such  an  increase  would,  in  many  years,  in  such  areas 
as  have  been  mentioned,  doom  the  crop  to  exposure  to  fall  frosts 
previous  to  maturity  with  all  the  loss  that  this  occasions,  aside 
from  any  loss  in  yield  that  the  seedling  injury  in  itself  may 
have  caused.  It  is  recognized  that  the  delay  observed  in  the 
maturing  of  injured  plants  in  these  experiments  may  not  be 
comparable  with  that  obtained  in  the  field.  The  only  check 
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available  is  that  between  the  defoliated  plants  growing  under 
field  conditions  and  those  growing  under  conditions  similar 
to  the  frosted  plants,  in  this  comparison  the  delay  occasioned 
in  each  instance  was  of  approximately  the  same  duration. 

It  should  be  kept  in  mind  that  in  all  cases  the 
injured  plants  in  these  experiments  developed  under  conditions 
very  favorable  to  recovery.  Had  less  favorable  conditions 
prevailed,  the  results  might  have  been  vastly  different. 
Nevertheless  it  seems  probable  that  had  conditions  been  less 
favorable,  due  to  drought  or  similar  factors,  the  injured 
plants  would  have  suffered  as  much  or  possibly  more,  relative 
to  the  checks,  than  they  actually  did. 

In  conclusion,  it  may  be  said  that  the  results 
obtained  support  the  thesis  that  damage  to  wheat  seedlings  by 
exposures  to  freezing  temperatures  results  in  injuries  that 
persist  throughout  the  lives  of  the  plants. 
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The  Effect  of  Various  Factors  on  the  Survival  of  Plants 
Exposed  to  Freezing  Temperatures 


Salmon  (14)  says  that  success  in  evaluating  the 
results  of  artificial  freezing  and  in  studying  resistance 
to  cold  in  general,  depends  on  good  technique,  that  is  in 
avoiding  various  sources  of  error  which  may  interfere  with 
the  logical  interpretation  of  the  results  obtained.  At  the 
beginning  of  this  investigation  several  experiments  were 
conducted  in  order  to  find,  if  possible,  and  evaluate  what 
might  be  sources  of  error  in  conducting  future  experiments 
using  artificially  produced  low  temperatures. 

Soil  moisture  content. 

Literature  review. 

A  great  many  observations  have  been  recorded  on 
the  relative  cold  resistance  of  plants  growing  in  dry  and 
wet  soils.  These  observations,  while  of  considerable 
significance  from  many  standpoints,  are  not  of  much  value 
in  predicting  what  will  happen  in  artificial  tests  because 
there  are  associated  factors,  such  as  heaving,  at  work  in 
the  field  that  are  not  operative  in  these  latter  tests. 

Klages  (6)  has,  however,  conducted  experiments  to 
determine  the  relative  survival  of  plants,  growing  in  wet  and 
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dry  soils,  when  exposed  to  artificially  produced  freezing 
temperatures#  He  found  that  plants  growing  in  dry  soil  were 
more  resistant  than  those  growing  in  wet  soil  during  the  early 
part  of  the  exposure;  but,  when  killing  set  in,  it  progressed 
much  more  rapidly  among  the  former  than  among  the  latter 
plants#  He  believes  that  the  early  resistance,  shown  by 
the  plants  grown  in  dry  soil,  was  due  to  the  retardation  of 
plant  growth;  while  the  later  resistance  shown  by  the  plants 
grown  in  wet  soil,  was  due  to  the  protective  effect  of  water. 

The  specific  heat  of  water  is  1.000;  of  sand, 0.193;  of  clay, 

0.206  and  of  loam,  0.215;  consequently  the  more  water  a  soil 
contains  the  slower  it  will  cool.  Apparently  no  attempt 
was  made  to  separate  the  effects  of  the  two  factors  believed  to  be 
at  work,  namely,  the  physiological  effect  of  varying  moisture 
on  the  growth  of  the  plant  and  the  physical  effect  of  the 
protective  action  of  water  as  such. 

Salmon  (14),  in  testing  the  reaction  of  winter  wheat 
varieties  to  artificially  produced  freezing  temperatures,  noted 
that  they  were  more  resistant  when  grown  in  wet  soil.  However, 
when  the  plants  were  subjected  to  prolonged  chilling  previous 
to  an  exposure  to  freezing  temperatures,  these  differences 
disappeared.  He  therefore  concludes  that  the  differences 
originally  noted  were  due  to  a  temperature  lag  in  the  wet  soil. 
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Experiment  1. 

Methods. 

In  this  experiment  the  plants  were  grown  in  soil 
maintained  at  a  uniform  moisture  oontent  during  the  growth 
of  the  plants,  but  at  varying  moisture  contents  during  the 
exposure  to  freezing  temperatures.  Six  varieties  of  spring 
wheat  were  used.  These  were  grown  in  wooden  flats,  all 
varieties  occurring  once  in  each  flat. 

All  flats  were  kept  at  a  uniform  moisture  content 
(approximately  50  per  cent  of  the  moisture-holding  capacity 
of  the  soil)  until  just  before  the  plants  were  subjected  to 
freezing  temperatures.  At  this  time  they  were  allowed  to 
dry  until  the  moisture  content  was  SO  per  cent  of  the 
moisture-holding  capacity  of  the  soil.  Twelve  of  the  36 
flats  were  left  at  this  moisture  content,  12  were  brought  to 
a  moisture  content  of  50,  and  12  to  a  moisture  content  of 
65  per  cent  of  the  moisture  holding  capacity  of  the  soil. 

The  36  flats  were  treated  in  the  following  manner. 
Three  lots,  each  consisting  of  four  flats  at  20,  four  at  50 
and  four  at  65  per  cent  moisture,  were  subjected  to  freezing 
temperatures.  The  first  was  subjected  to  a  temperature  of 
-12°C .  for  four  hours  without  any  pre-c hilling;  the  second 
was  pre-chilled  for  four  hours  and  the  temperature  was  then 
lowered  to  -12°C.  and  maintained  for  three  hours ;  the  third 
was  pre-chilled  for  twelve  hours  and  then  subjected  to  a 
temperature  of  -12°C.  for  four  hours. 


. 

I10E  -ti  anois  ««  e>08l«  sriJ  Jaemitteqxe  aid#  nl 

djwoi?,  sd#  snl'tiia  #ae#aoo  OTU#8ioa  iraoS-tau  a  #a  6»flia#al»fl! 

,1 

- 

■  '  ■  ■ 

.■■8 X:  .  -ri  o ono  J  ’v-  coo  ssiiJeiTav 

tns^aoo'srtCtftalODi  motiiw  s  ts  tq95C  ©Tew  1XA 

- 

oj  Datfoefc due  9i$w  ctfieXq  saI-j  ©Toted  $ sift  ilSssis  Xioa  ©cto  xc 

■ 

©riv  to  too o  Tsq  OS  sew  jhsaJaco  eiut&tom  Bdt  Iltau  i'll 

oj  jfxlaiioTd  6T9W  SI  t}a9*apo  ewtfaiosi  alxit  S’ a  Jt«£  eiew  eJar 
tc,  B  C&  S  X  ;"I  :  <  Oc  to  S&O&tZQO  6VI/?3lOJC  i 

.~l  .-•  0,:t  to  'jj i ;eo  sal^Iorl  eujS's.toe';  eiW  to  tfnea  tag.  6< 
3  •  til- :  :-  Llot  odt  at  bet  sett  erew  stfelt  d£  eriT 
02  t  :  :  ?  t03  jfa  stfailt  tuci  to  $n£tsjteum6  Aobb  ,atol  eeid1 

'  .-  ■  '  .  c  '  ■  ‘ 

. 

- 

:  t  . 

L 

.  '  :  ,  ..I-  to  • -i  j 


Results 


A  summary  of  the  data  obtained  in  this  experiment 
with  regard  to  the  survival  of  plants  growing  in  soil  of 
varying  moisture  contents  at  the  time  of  freezing  is 
presented  in  Table  XI.  An  analysis  of  variance  was 
calculated  from  the  data  obtained  and  is  presented  in 
Table  XII. 

It  will  be  noted  that,  on  the  average,  there  is  a 
direct  relationship  between  the  survival  indices  and  the 
moisture  contents  of  the  soil.  The  highest  survival  indices 
were  obtained  when  the  moisture  content  of  the  soil  was 
highest,  the  lowest  when  the  moisture  content  was  lowest,  and 
intermediate  when  the  moisture  content  was  intermediate. 

It  will  be  noted  (Table  XII)  that,  neither  the  mean 
square  due  to  the  first  order  interaction  of  varieties  and 
soil  moisture  contents,  nor  the  mean  square  due  to  the 
second  order  interaction  of  varieties  and  soil  moisture 
contents  and  freezing  treatments,  can  be  regarded  as  being 
significant.  It  can  be  concluded,  therefore,  that  varying 
the  moisture  content  of  the  soil  and  varying  the  amount  of 
pre-chilling,  did  not  significantly  alter  the  relative 
varietal  reaction  to  freezing  temperatures. 

The  mean  square  due  to  the  interaction  of  moisture 
contents  and  freezing  treatments  (Table  XII)  may  be  regarded 
as  significant.  This  indicates  that  the  reduction  in  the 
survival  of  plants,  due  to  lower  moisture  contents,  was 
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Survival  indices  of  spring  wheat  varieties  when  exposed  to  freezing 
temperatures  in  soil  of  various  moisture  contents,  and  with  various 
periods  of  pre-chilling. 
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TABLE  III 


Analysis  of  variance  of  the  survival  indices 
of  wheat  seedlings  exposed  to  freezing  temperatures 
in  soil  of  various  moisture  contents  and  with 
various  periods  of  p re-chilling. 


Variation  doe  to: 

Degrees  of 
freedom 

Sum  of 
squares 

Mean 

square 

F 

Varieties 

5 

5,025 

1,005.0 

4.31* 

Moisture  contents 

2 

5,979 

2,989.5 

12.82* 

Freezing  treatments 

2 

25,354 

12,677.0 

54.38* 

Varieties  x  moisture 
contents 

10 

2,809 

280.9 

1.21 

Varieties  x  freezing 
treatments 

10 

5,678 

567.8 

2.44** 

Treatments  x  moisture 
contents 

4 

2,776 

694.0 

2.98** 

Varieties  x  moisture 
contents  x  treatments 

20 

5,395 

269.8 

1.16 

Error 

162 

37,770 

233.1 

- 

Total 

215 

90,786 

- 

- 

*  Exceed  the  1#  point. 

**  Exceed  the  5 %  point. 
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influenced  by  the  amount  of  pre-chilling  to  which  the  plants  were 
subjected.  For  the  most  part  it  was  found  that  plants  growing 
in  unchilled  soil  were  more  sensitive  to  variations  in  moisture 
content  than  were  those  growing  in  chilled  soil.  The  data 
presented  in  Table  XI  show  that  the  least  variation  in  survival 
occurred  when  the  plants  were  pre-chilled  for  twelve  hours. 

When  the  plants  were  pre-chilled  for  four  hours,  those  on  the 
soil  having  an  intermediate  moisture  content  gave  relatively 
high  survivals  while  those  on  the  soil  having  a  low  moisture 
content  gave  relatively  low  survivals.  Also,  it  will  be  noted 
that  those  plants  which  were  not  chilled  gave  relatively  high 
survivals  on  soil  having  a  low  moisture  content  and  relatively 
low  survivals  on  soil  having  an  intermediate  moisture  content. 

It  has  been  shown  (6)  that  the  temperature  of  moist 
soil  lags  more  upon  exposure  to  low  temperatures  than  does  that 
of  dry  soil.  This  protective  effect  of  water  ean  be  used  to 
explain  the  fact  that,  on  the  average,  the  plants  growing  in 
wet  soil  suffered  less  than  similar  plants  growing  in  dry  soil. 

It  would  be  expected  that,  the  differences  in  survival  of  plants 
growing  on  wet  and  dry  soil  would  be  lessened  when  pre-chilling 
occurred  as  the  wet  soil  would  have  radiated  much  of  its 
potential  heat  previous  to  the  advent  of  freezing  temperatures. 

In  general,  the  results  obtained  indicate  that  this  occurred. 

More  important,  however,  from  the  standpoint  of  technique  is  the 
fact  that  comparable  results  cannot  be  obtained  unless  the 
moisture  content  of  the  soil  is  uniform  throughout  the  experiment  at 
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the  time  when  the  plants  are  exposed  to  freezing  temperatures. 
It  is  also  worthy  of  note  that  pre-chilling  for  twelve  hours 
reduces  variability  from  this  source  and  is,  therefore,  an 
added  precaution  that  may  be  expected  to  help  in  reducing  such 
an  error. 


Experiment  2. 

Methods . 

m  this  experiment  the  plants  were  grown  in  sand  and 
in  soil  maintained  at  various  moisture  contents  during  the 
growth  of  the  plants,  but  at  a  uniform  moisture  content  during 
the  exposure  to  freezing  temperatures.  Marquis  wheat  was  the 
only  variety  used. 

The  plants  were  grown  in  glazed  crocks  of  one  gallon 
capacity.  Two  series  of  nine  crocks  each  were  used.  The 
substratum  used  in  Series  I  was  Edmonton  loam,  while  in  Series  II 
it  was  washed  sand.  A  complete  nutrient  solution  was  added  to 
the  sand  cultures.  This  solution  consisted  of  5  c.c.  of  calcium 
nitrate,  5  c.c.  of  potassium  nitrate,  2  c.c.  of  magnesium  sulphate, 
1  c.c.  of  potassium  acid  phosphate  and  1  c.c.  of  ferric  tartrate 
per  litre.  The  ferric  tartrate  was  added  every  two  days. 

Three  series,  each  consisting  of  three  sand  and  three 
soil  cultures,  were  maintained  at  constant  moisture  levels;  one 
at  30,  one  at  45,  and  one  at  60  per  cent  of  the  moisture  holding 
capacity  of  the  substrate  concerned. 
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At  the  time  of  freezing  all  cultures  were  brought  to 
60  per  cent  of  their  moisture  holding  capacities.  They  were 
pre-chilled  for  twelve  hours  and  then  eaposed  to  a  temperature  of 
-12°C  for  four  hours. 


Results. 

In  Table  XIII  a  summary  of  the  survival  indices  of 
plants  grown  in  sand  and  in  soil  at  various  moisture  contents, 
and  exposed  to  freezing  temperatures  at  a  uniform  moisture  content, 
is  presented. 

An  analysis  of  variance  was  calculated  from  the  data 
obtained.  It  was  found  that  the  mean  square  for  moisture  contents 
could  not  be  regarded  as  being  significant.  It  may  be  concluded 
therefore  that  growing  the  plants  at  these  various  moisture 
contents  did  not  significantly  alter  their  survival  values  when 
exposed  to  freezing  temperatures  at  a  uniform  moisture  content. 

These  results  indicate  that  where  ordinary  care  is 
exercised  in  watering,  the  variations  in  moisture  content  during 
the  growth  of  the  plants  between  containers  in  a  given  experiment, 
would  not  be  sufficiently  great  to  cause  any  marked  variation 
in  the  survival  values  of  the  plants  when  exposed  to  freezing 
temperatures. 
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TABLE  XIII 


Survival  indices  of  Marquis  wheat  seedlings  when 
exposed  to  a  temperature  of  -12°C.  for  four  hours 
after  being  grown  in  sand  and  soil  oultures  main¬ 
tained  at  various  moisture  contents. 


Mean  survival  index 

Sand  Soil 

Moisture  content  culture  culture  Average 


30%  of  the  moisture  holding  capacity 

21.0 

22.0 

21.9 

«  n  n  n  n 

20.7 

18.8 

19.8 

60%  n  n  n  n  n 

19.1 

22.1 

20.6 
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Hardening. 


Literature  review. 

It  Has  been  shown  by  many  Investigators,  among  whom 
might  be  mentioned  Hill  and  Salmon  (4),  Martin  (9),  Salmon  (14), 
and  Tumanov  (18),  that  the  resistance  of  winter  wheats  to 
freezing  temperatures  may  be  greatly  increased  if  they  are 
previously  exposed,  for  a  considerable  period,  to  comparatively 
low  temperatures.  Under  field  conditions  winter  wheats  are 
normally  subjected  to  natural  hardening  in  this  manner  before 
the  onslaught  of  severe  cold  weather.  Salmon  (14)  has  shown 
that,  in  the  unhardened  condition,  winter  wheat  varieties 
differed  little;  whereas,  in  the  hardened  condition,  they 
differed  greatly  in  their  resistance  to  artificially  produced 
freezing  temperatures.  Furthermore,  these  latter  differences 
were  more  closely  correlated  with  the  differences  exhibited 
in  the  field  than  were  the  former. 

In  considering  the  seedling  frost  reaction  of  spring 
wheats  it  is  apparent  that,  under  field  conditions  long  periods 
of  hardening  previous  to  the  advent  of  sub-zero  temperatures, 
do  not  occur.  Nevertheless,  some  hardening  probably  does  occur 
as  comparatively  low  temperatures  for  varying  periods  of  time 
usually  precede  the  advent  of  sub-zero  temperatures. 

Peltier  and  Kiesselbach  (13)  appear  to  be  the  only 
authors  to  have  investigated  the  effect  of  hardening  on  the 
frost  reactions  of  spring  grains.  They  studied  the  effect  of 
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continuous  and  intermittent  hardening  and  found  that  the 
continuously  hardened  plants  were  more  resistant  to  frost 
injury  than  were  the  intermittently  hardened  plants.  They 
conclude  that  either  method  may  be  used  in  determining 
varietal  differences. 


Methods. 

Eight  spring  wheat  varieties  grown  in  flats,  were 
pre-chilled  for  36,  24,  12  and  0  hours  and  then  exposed  to 
a  temperature  of  -10°C.  for  four  hours.  Each  Variety  was 
replicated  six  times  within  each  hardening  treatment. 


Results. 

A  summary  of  the  data  obtained  with  regard  to  the 
survival  of  spring  wheat  varieties  pre-chilled  for  various 
periods  of  time  and  then  exposed  to  sub-zero  temperatures 
is  presented  in  Table  XIV.  An  analysis  of  variance  was 
calculated  from  the  data  obtained,  and  this  is  presented  in 
Table  XV. 

The  data  show  that  pre-chilling  markedly  increased 
the  frost  resistance  of  the  varieties  concerned.  Furthermore, 
pre-chilling  for  24  or  for  36  hours  does  not  appear  to  be  any 
more  effective  than  pre-chilling  for  12  hours. 

The  mean  square  due  to  the  interaction  of  varieties 
and  treatments  (Table  XV)  cannot  be  regarded  as  significant. 
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TABLE  XIV 


Survival  indices  of  spring  wheat  varieties  pre-chilled 
for  various  periods  of  time  and  then  exposed  to  a 
temperature  of  -10°C.  for  four  hours. 


Survival  index 

tre-chiiled  Pre-chilled  Pre-chilled  ^re-chilled  Mean 
Variety  56  hours  24  hours  12  hours  0  hours 


Ceres 

67.8 

68.3 

75.8 

19.8 

58.0 

D.C.  1-28-65 

64.7 

73.3 

67.2 

26.3 

57.9 

Red  Bobs  222 

68.5 

71.8 

65.5 

24.3 

57.5 

Reliance 

63.8 

63.7 

73.2 

23.0 

55.9 

Canua 

66.2 

70.2 

60.2 

17.5 

53.5 

Garnet 

50.3 

52.3 

63.5 

9.8 

44.0 

Marquis 

61.7 

53.8 

42.7 

9.3 

41.9 

Reward 

54.0 

48.7 

35.0 

16.8 

38.6 

Mean 

62.1 

62.8 

60.4 

18.4 

50.9 
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TABLE  XV 


Analysis  of  variance  of  the  survival  Indices  of 
spring  wheat  varieties  pre-chilled  for  various 
periods. 


Variation  due  to: 

Degrees  o t 
freedom 

Sum  of 
squares 

Mean 

square 

F 

Varieties 

7 

10,888 

1,555 

3.73* 

Treatments 

3 

67,876 

22,625 

54.27* 

Varieties  x  treatments 

21 

5,267 

251 

- 

Error 

160 

66,751 

417 

- 

Total 

191 

150,782 

- 

- 

*  Exceed  the  1$  point 
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This  indicates  that  the  relative  varietal  reaction  was  the 
same  in  each  of  the  hardening  treatments  and  consequently 
it  may  be  concluded  that,  in  determining  relative  varietal 
reactions  to  freezing  temperatures,  the  amount  of  pre-ohilling 
to  which  the  plants  are  subjected  is  of  little  oonsequence. 
However,  it  was  noted  that  the  coefficient  of  variability  was 
considerably  lower  when  the  plants  were  pre-chilled  than  was 
the  case  when  the  plants  were  not  pre-chilled*  Again,  increasing 
the  duration  of  the  pre-chilling  period  for  more  than  twelve 
hours  did  not  reduce  the  variability  from  that  obtained  when 
the  pre-chilling  period  was  twelve  hours.  It  is  known  that  in 
the  freezing  chamber  used  great  care  must  be  exercised  if  a 
uniform  temperature  is  to  be  maintained  throughout  the 
chamber.  It  is  possible  that  when  flats  containing  warm  soil 
(unchilled)  are  placed  in  such  a  chamber,  the  rapid  radiation 
of  heat  from  the  soil  sets  up  air  currents  that  militate 
against  a  uniform  temperature  within  the  chamber,  which  results 
in  variable  survival.  When,  however,  the  plants  are  pre-chilled 
for  twelve  or  more  hours  previous  to  freezing,  the  temperature 
of  the  soil  approaches  more  closely  that  of  the  freezing 
chamber,  with  the  result  that  radiation  of  heat  is  less  rapid 
and  there  is  less  tendency  to  set  up  violent  air  currents. 

With  these  considerations  in  mind,  it  has  been  the 
practice  since  this  experiment  was  conducted  to  chill  all 
plants  for  12  hours  previous  to  an  exposure  to  freezing 
temperatures. 
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Border  effect  within  flats. 

It  was  thought  desirable  to  determine  whether  or  not 
plants  growing  near  the  sides  of  the  flats  differed  in  frost 
reaction  from  similar  plants  growing  hear  the  centre  of  the 
flat. 

The  border  rows  of  each  flat  used  in  the  experiment 
on  the  effect  of  varying  moisture  contents  of  the  soil  on  the 
resulting  frost  injury  of  plants  growing  therein,  were  seeded 
to  Marquis  wheat.  One  row  of  Marquis  also  occurred  at  random 
in  one  of  the  inside  rows.  It  will  be  recalled  that  three 
freezing  treatments  were  used  in  this  experiment.  The  first 
lot  was  subjected  to  a  temperature  of  -12 °C.  for  four  hours 
without  any  pre-chill ing.  The  second  was  pre-chilled  for 
four  hours  and  the  temperature  was  then  lowered  to  -12°C.  and 
maintained  for  three  hours.  The  third  was  pre-chilled  for 
twelve  hours  and  then  subjected  to  a  temperature  of  -12°C.  for 
four  hours. 

As  there  were  12  flats  occurring  in  each  freezing 
treatment,  there  were  survival  indices  from  24  border  and  12 
inside  rows  of  Marquis  available  for  comparison  within  each 
freezing  treatment.  A  summary  of  the  data  obtained  is  presented 
in  Table  XVT.  The  statistical  significance  of  the  differences  in 
survival  indices  noted  were  judged  by  the  "Tw  method  described  by 
Fisher  (2)  for  evaluating  the  significance  of  differences  in  means 
of  small  samples.  It  will  be  noted  that  in  no  instances  were  the 
differences  in  survival  indices  obtained  statistically  significant. 


.  uJ-elt  nlvJtw  foeVl-s  isL'ioS 


t .  .  io  TSiijoiiw  entuistsb  of  ale v-iisef)  tiiguodt  bbw  tl 

ai  fjoiettl?-  afrclt  sat  to  eeils  &.if  ^e«a  g..  i:  worry.  aSuslq 
Oil.)  to  a'r.viso  Teexi  aixiivoiGg  -  "fia.)  isXtrJ,-:  HOit  Isolds©©** 

. 


^»i9mlsi9g::s  eii  fll  Xasx/  taVt  xiose  te  swot  loirxod  «dT 

see-  jso  lios  -Oil^  'io  Bto-so  •  o'  ©fxjjw Ui.  to  Jcett©  ©;itf  no 

na5s©a  ljs  ,  iiiemd.:  gsiscsg  zfaoi-  to  to. -r'i  srtttiirasrt 

. 

©d  IX i 

. 

. 

'  - 

»  bmmoJt  nerl^  ea*r  -nut so.  oqmf  axis'  baa  S'woci  nuot 

-  to 


,  .S  1.DOlf  ItfOt 

galsu-  ©it  iios©  ai  snlTiyooo  a=tBlt  SI  &tew  stoat  ba 

'  .:  -  \  ■■:  •  •  ecO)v  ...  V1VT.7B  0100  si  -i  ,S.-i  x 

xf ob©  at-dJ-  ;  -  iioaiisjmoo  iot  sldslis^s  eho  *i  ■  '  to  owci  e&XanJt 

.  .  •■...• 

- 

i's.x  ”‘V,!  erfd .  is; isr  slew  sai:a  asoxsal  lavivajs 
oi  i  ..  . . 

. 

0 


55 


TABLE  XVI 


Survival  indices  of  border  and  inside  rows 
of  Marquis  wheat  seedlings  exposed  to  freez¬ 
ing  temperatures. 


Mean  survival  index 
Border  Inside  P 

Freezing  treatment  rows  rows  Difference  value 


Not  pre-chilled. 

Subjected  to  a  temperature 

of  -12 °C .  for  four  hours.  22.5  26.8  4.3  >.4 


Pre-chilled  for  four  hours, 
temperature  lowered  to 
-12°C.  and  maintained  for 

three  hours.  43.1  41.3  -1.8  >.4 


Pre-chilled  for  twelve  hours 
and  then  subjected  to  a 
temperature  of  -  12°C.  for 
four  hours.  30.7 


-2.2  >.4 


28.5 
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It  would  appear  in  the  light  of  these  results  that  border  effect 
in  flats  may  be  neglected  in  evaluating  the  frost  reaction  of  wheat 
seedlings. 


Endosperm  development  of  the  seed. 

Peltier  and  Kiesselbach  (13)  have  pointed  out  that 
fcheat  seedlings  are  most  susceptible  to  injury  in  the  three-leaf 
stage,  and  they  postulate  that  these  plants  are  less  able  to 
withstand  frost  injury  because,  at  this  time,  the  food  reserves 
of  the  endosperm  have  reached  the  point  of  exhaustion.  If  this 
theory  is  correct  it  would  seem  likely  that  if  the  normal 
development  of  the  endosperm  were  interfered  with  to  any  great 
extent,  seedlings  grown  from  such  seeds  would  be  more  susceptible 
to  frost  injury  than  seedlings  grown  from  normal  seeds.  Further¬ 
more,  if  suck  a  relationship  exists  it  is  important  in  artificial 
tests  to  use  seed  that  has  attained  a  uniform  development  of 
food  reserves. 

Methods. 

The  increase  plots  of  Marquis  wheat  grown  at  various 
places  on  the  university  farm  in  1934  were  all  injured  by  frost 
except  one  small  lot  grown  in  the  greenhouse.  It  was  thus  possible 
to  obtain  a  supply  of  seed  that,  as  far  as  could  be  determined,  was 
uniform  except  that  it  varied  in  frost  damage.  Four  samples  of 
seed  were  selected.  One  lot  was  normal  (unfrozen);  a  second  lot 
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was  lightly  frozen;  a  third  severely  frozen  and  a  fourth 
normal  with  a  portion  of  the  endosperm  artificially  removed. 

The  weights  of  1,000  kernel  lots  of  these  different  types  of 
seed  are  presented  in  Table  XVII. 

The  seeds  as  described  were  sown  in  flats.  One  lot 
of  flats  had  previously  been  filled  with  Edmonton  black  soil 
and  another  lot  with  Fallis  gray  soil.* 

Each  of  the  four  seed  treatments  was  replicated 
16  times;  8  times  on  the  black  and  8  times  on  the  gray  soil. 

When  the  plants  reached  the  two-leaf  stage  they 
were  pre-chilled  for  12  hours  and  then  exposed  to  a  temperature 
of  -10°C.  for  four  hours. 


Results. 

A  summary  of  the  data  obtained  is  presented  in 
Table  XVII. 

The  standard  error  of  the  difference  between  the 
average  survival  indices  of  any  two  treatments  was  calculated 
and  found  to  be  equal  to  5.1  units;  consequently,  differences 
between  treatments  must  exceed  10.2  units  in  order  to  be 
considered  significant.  The  data  show  that  differences  of 
this  magnitude  were  not  obtained.  These  results  would  indicate 
that  the  amount  of  endosperm  present  in  the  seed  has  little 
influence  on  the  frost  reaction  of  the  plants  grown  from  each 
seed. 


*  A  description  of  these  soil  types  is  presented  in  a  later 
section  of  this  paper  entitled  "®he  reaction  of  differently 
nourished  plants  to  freezing  temperatures.  _ 
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TABLE  XVTI 


The  effect  of  differences  in  soil  type  and  endosperm 
condition  on  the  survival  indices  of  Marquis  wheat 
seedlings  exposed  to  a  temperature  of  -10°C.  for 
four  hours. 


We'ighi 

per  1,000 

Mean 

survival 

index 

Condition  of  the 
seed  used 

kernels 
of  the 
seed  used 

Black 

soil 

Gray 

soil 

Average 

Normal 

Endosperm 

35.5 

77 

66 

72 

partially 

removed 

84.7 

73 

67 

70 

Slightly  frozen 

31.2 

79 

66 

73 

Severely  frozen 

22.7 

68 

66 

67 
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The  Reaotion  of  Differently  Nourished  Plants  to 
Freezing  Temperatures. 


Literature  review. 

It  has  been  shown  by  several  investigators  (7,11,15) 
that,  within  limits,  the  osmotic  pressure  of  the  cell  sap  is 
intimately  associated  with  the  cold  resistance  of  the  plants 
concerned.  It  is  also  known  (7)  that  the  osmotic  pressure  of 
the  cell  sap  can  be  modified  by  varying  the  nutrition  of  the 
plant.  Several  investigators  have,  therefore,  studied  the 
response  of  plants  to  low  temperatures  under  varying  nutritional 
conditions. 

PatanelXi  (1&)  studied  the  Effect  of  sodium,  potassium 
and  magnesium  salts  on  plants  exposed  to  freezing  and  to  chilling 
temperatures.  He  concluded  that  resistance  to  cold  was  not 
related  to  the  concentration  of  cell  sap  nor  with  its  salt 
content,  but  rather  with  the  amount  of  sugar  retained  during 
cooling. 

Sellschop  and  Salmon  (16)  applied  solutions  of  various 
salts  to  soil  in  which  were  growing  peanuts,  cowpeas,  maize  and 
cotton  and  observed  the  effects  of  chilling  these  plants.  They 
found  that  potassium  nitrate  and  potassium  chloride  exerted  a 
protective  effect,  while  calcium  chloride,  calcium  nitrate, 
sodium  chloride  and  sodium  nitrate  exerted  a  deleterious  effect 
upon  the  survival  of  the  chilled  plants. 
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Holbert  (5),  by  using  a  portable  refrigerating 
machine,  was  able  to  freeze  fertilized  and  unfertilized  oorn 
plants  growing  in  the  field.  Plants  growing  in  well  fertilized 
plots  were  found  to  be  more  resistant  to  frost  in  the  seedling 
stage,  and  also  at  the  time  of  ear  formation,  than  were  similar 
plants  growing  in  unfertilized  soil. 

Magistad  and  Truog  (7)  were  also  able  to  accentuate  the 
oold  resistance  of  corn  plants  by  the  application  of  fertilizers. 
They  found  that  such  an  application  increased  the  osmotic  pressure 
of  the  sap  of  young  corn  plants  which  in  turn  lowered  its  freezing 
point  one  to  two  degrees.  They  concluded  that  the  greatest 
benefits  to  be  obtained  from  such  a  fertilizer  application  are 
likely  to  occur  on  peat  and  sandy  soils  low  in  soluble  salt 
content. 

Sohaffnit  and  Wilhelm  (15)  have  recently  conducted  an 
extensive  series  of  experiments  with  tomato,  potato,  barley,  rye, 
wheat  and  oat  plants,  using  specially  constructed  glass-enclosed 
cool  temperature  chambers.  Plants  were  grown  with  normal  amounts 
of  potassium,  nitrogen  and  phosphorous,  and  with  deficiencies  and 
excesses  of  each  of  these  elements.  It  was  found  that  those  plants 
suffering  from  a  deficiency  of  potassium  had  a  very  low  osmotic 
pressure  and  suffered  most  from  low  temperatures,  while  those 
having  an  excess  of  potassium  or  a  deficiency  of  either  nitrogen 
or  of  phosphorous  had  a  higher  osmotic  pressure  than  normally 
nourished  plants  and  suffered  less  by  exposure  to  cold.  An  excess 
of  nitrogen  or  of  phosphorous  did  not  greatly  change  the  osmotic 
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pressure  from  that  occurring  in  normally  nourished  plants.  They 
oonclude  that  an  adequate  application  of  potassium  salts  will 
best  protect  against  low  temperatures. 

This  work  of  sofcaf fnit  and  Wilhelm  (15)  indicates  that 
the  protective  effect  of  fertilizers  is  due  to  the  specific 
action  of  a  particular  ion  rather  than  the  correction  of  an 
unbalanced  nutrient  condition.  As  the  work  of  earlier  investigators 
was  done  with  soil  cultures,  it  was  not  possible  to  determine, 
except  in  a  general  way,  whether  or  not  the  protective  effects  they 
noted  were  due  to  a  specific  ion  or  to  the  correction  of  an 
unbalanced  nutrient  condition.  As  a  result  much  work  remains  to 
be  done  before  this  question  can  be  answered  with  certainty. 

In  the  present  investigation  it  was  hoped  to  study  this 
problem  by  adding  various  nutrients  to  two  different  soils  varying 
rather  widely  in  chemical  composition.  By  this  means  the  elements 
most  likely  to  be  concerned  in  increasing  or  decreasing  cold 
resistance  could  possibly  be  determined,  and  these  could  then  be 
studied  in  detail.  Unfortunately  the  studies  have  not,  as  yet, 
advanced  beyond  the  preliminary  stage. 

Methods . 

Two  soils,  a  gray  soil  collected  at  Fallis,  Alberta, 
and  a  black  soil  collected  at  Edmonton,  Alberta,  were  used  in 
these  experiments.  A  detailed  comparison  of  these  two  types  of 
soil  has  been  presented  by  Wyatt  and  Newton  (21).  The  gray 
soils  are  rather  badly  leached,  of  poor  fertility,  and  are 
slightly  acid  in  reaction.  The  black  soils,  on  the  other  hand, 
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have  not  suffered  by  leaching  to  any  extent,  are  very  fertile 
and  are  neutral  to  very  slightly  acid  in  reaction.  According 
to  the  analyses  of  Wyatt  and  Newton,  cited  above,  the  gray 
soils  compared  with  the  black  are  low  in  nitrogen,  phosphorous 
and  calcium.  Positive  responses  in  plant  growth  were  obtained 
by  these  investigators  when  any  of  the  above  elements  were 
applied  as  a  fertilizer  to  these  gray  soils,  but  the  most  marked 
results  were  obtained  when  a  combination  of  nitrogen,  phosphorous 
and  organic  matter  was  applied.  Fertilizers  added  to  the  black 
soil  used  in  this  investigation  usually  failed  to  give  any 
marked  response  in  plant  growth.  When  such  a  response  is  obtained 
it  usually  occurs  following  the  application  of  phosphates.  Wyatt 
and  Newton  do  not  present  data  on  the  potassium  content  of  the 
black  and  gray  soils.  However,  when  they  applied  this  element 
as  a  fertilizer  little  response  was  obtained,  consequently  it 
would  seem  probable  that  an  adequate  quantity  of  this  element 
is  present  in  both  of  these  soils  to  produce  normal  plant  growth. 

In  all,  three  experiments  were  conducted  in  which  the 
frost  reaction  of  plants  growing  in  these  two  soil  types  was 
compared. 

in  the  first  experiment  three  varieties  of  spring  wheat, 
three  of  barley  and  two  of  oats  were  grown  in  the  black  and  in 
the  gray  soil.  Each  variety  was  replicated  eight  times  in  each 
soil  type.  One  half  (four  replicates)  of  the  plants  growing  in 
the  black  soil  and  one  half  of  those  growing  in  the  gray  soil,  were 
frozen  shortly  after  they  emerged  and  the  balance  when  they  had 
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reached  the  two-leaf  stage.  In  the  case  of  the  former  plants,  the 
endosperm  of  the  seed  was  only  partially  exhausted  at  the  time  of 
freezing  and  the  plants  were  probably  still  receiving  a  good  deal 
of  their  nourishment  from  this  source. 

In  all  cases  the  plants  were  pre-chilled  for  twelve 
hours  and  then  exposed  to  a  temperature  of  -10°C.  for  four  hours. 

In  the  second  experiment  only  two  varieties,  Canus  and 
Marquis  spring  wheat,  were  used. 

The  following  chemicals  were  applied  to  each  soil  at 
the  rate  of  200  pounds  per  acre:  potassium  acid  phosphate,  sodium 
acid  phosphate,  potassium  nitrate,  sodium  nitrate  and  calcium 
oxide. 

The  five  treatments  and  the  check  on  each  soil  gave  a 
total  of  12  flats  for  a  single  replicate,  and  as  this  was 
approximately  the  capacity  of  the  freezing  chamber,  it  was 
necessary  to  repeat  the  experiment  to  provide  for  replication. 

In  all  it  was  repeated  six  times  over  a  period  of  several  months 
and  the  reactions  of  approximately  1,000  seedlings  in  each 
treatment  on  each  soil  type  were  determined.  In  all  cases  the 
plants  were  chilled  and  frozen  as  in  the  first  experiment. 

In  the  third  e3q>eriment  only  one  variety,  Marquis,  was 
used.  The  plants  were  grown  in  flower  pots.  Four  lots  of 
material  were  grown.  One  lot  was  grown  on  normal  black  soil, 
one  lot  on  fertilized  black  soil,  one  lot  on  normal  gray  soil 
and  one  lot  on  fertilized  gray  soil.  Each  treatment  was 
replicated  20  times,  and  each  replicate  of  each  treatment 


!  IS  3  €>ii v  . .  i. 


sa 


i2  ,  :.£l  :efif20t  :■  t  . 


. 


,  arid  .56#  ar/Bxijee  vlao  sew  jfeees  exi#  to  megs  obit© 

; ; a£>  s  :  aivi-:>8T  £11#  e  ^Ib.jdciq  m\.J  etnefty  &J.t  bm  gals sent 

, 


e-vlewtf  ;  •.  ; ;  ilo-ov:-.?  ei©-v  s#fiiB±«|  ©xli  a©e«c  IXa  ±il 

. 

i  ..  -:  an Lif-?  ■ ,  ,  ?,slv  rf.t'xav  cw#  7lao  ineailnnnxs  Xnooss  »ri#  ai 

, .,  ;  ;5i;  7  •  >:  ■■  t 5  •  •  ;  ■  h  •-  ;  t :  x  ■, *  •:•  x  i L  p’X.  ■:  ■ 

#e  Ilea  dim®  of  h^llaqs  eirsw  slsoixaoilo  jHilwolIot  eriT 

: 

...  'x  rt  ••••.>•  !  -.  :.  isos  .  .-x  ..  :  'GttniqZQdq.  i>I03 

,  . :'.  i  ■  o 

a  ®V8'S  X;io8  ilsrao  no  sio'erfo  ©4#  bem  8#aaflt#s9%#  evit  sdf 

3sv:  sin#  sb  bns  4©XooiIqsyi  el^ata  a  not  a#3Xt-  “X  lo  Into# 
...e-:  it  ,noxi:.xio  gals  ©err;  an#  to  r#.: os •:].? o  ext#  -/Xe.i 
. ntooilqets:  no':  oXivonx  ..-  jasmine ono  ort#  xxs-oo-x  o#  ^nesaeoea 
XS’xev  e*.  to  bo  in  c,  a  novo  semi#  &ta  XeXoeqo-x  enn  1  IX  ®  al 

floss  al  sgnllJ&eee  QoOfI  yieJaeixonqqa  to  enollcaen  erf#  fens 

,  .  Xloa  if 

i  ...  il 

sew  jSinpnF  ;  4q#r<  Insv  en:  qlao  tnarciieqx©  onifi#  eii#  at 

,  -  ..  :  c-  .VO  I  '/<•  .  :  ■■;  X,  ::J  X  '  ,t  ;.v.\'  ,  f.  X  3  . 

.  .  . 

Hoc,  • .  yiz  Isaac;*  no  ioX  eno  4ltoa  jfosltf  oesill#net  ao  #oX  axxa 

*  ■  [ 

•.  -•  h  os  b®teoLl  • 


64 


consisted  of  approximately  15  seedlings.  The  fertilizer  applied 
was  a  "complete”  fertilizer  containing  potassium,  nitrogen, 
phosphorous  and  sulphur.  It  was  applied  at  the  rate  of  200  pounds 
per  acre. 

The  plants  were  chilled  and  frozen  as  in  the  first 
experiment. 


Results. 

A  summary  of  the  data  obtained  in  the  first  experiment 
with  regard  to  the  reaction  of  wheat,  oat  and  barley  varieties, 
when  grown  on  black  and  gray  soil  and  then  exposed  to  freezing 
temperatures  in  the  one-  and  two- leaf  stages,  is  presented  in 
Table  XVTII.  An  analysis  of  variance  was  calculated  from  the 
data  obtained,  and  this  is  presented  in  Table  XIX. 

It  will  be  noted  that,  on  the  average,  those  plants 
growing  on  the  gray  soil  were  more  severely  damaged  than  those 
plants  growing  on  the  black  soil.  This  difference  is  statistically 
significant  as  is  shown  by  the  significant  mean  square  due  to  soil 
types,  Table  tty.  Furthermore,  the  mean  square  due  to  the  inter¬ 
action  of  stages  of  development  and  soil  types  may  be  regarded  as 
significant.  This  indicates  that  the  difference  in  survival  depends 
upon  the  stage  at  which  the  plants  were  exposed  to  the  freezing 
temperatures.  The  data  presented  in  Table  XVTII  show  that  the 
plants  grown  on  the  gray  soil,  and  exposed  to  freezing  temperatures 
shortly  after  emergence,  suffered  less  but  not  significantly  less 
than  similar  plants  grown  on  the  black  soil.  However,  when  the 
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Survival  indices  of  wheat,  oat  and  barley  varieties  grown  on  black  and  gray 
soils  and  exposed  to  freezing  temperatures  in  the  one-  and  two- leaf  stages* 
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TABLE  XIX 


Analysis  of  variance  of  the  survival  indices  of 
wheat,  oat  and  barley  varieties  grown  on  black 
and  gray  soils  and  exposed  to  freezing  temperatures 
in  the  one-  and  two-leaf  stages. 


Variation  due  to: 

Degrees 

freedom 

of  Sum  of 
squares 

Mean 

square 

F 

Stages  of  development 

1 

634.55 

634.55 

1.92 

Soil  types 

1 

3,538.45 

3,538.45 

10.71* 

Stages  of  development: 
x  soil  types. 

1 

7,672.55 

7,672.55 

23.22* 

Varieties 

7 

21,428.06 

3,061.15 

9.26* 

Varieties  x  stages  of 
development. 

7 

7,162.44 

1,023.21 

3.10* 

Varieties  x  soil  types 

7 

570.34 

81.48 

- 

Varieties  x  soil  types 
x  stages  of  development. 

7 

668.56 

95.51 

- 

Error 

96 

41,971.80 

330.49 

- 

Total 

127 

83,646.75 

- 

- 

*  Exceed  the  1 %  point 
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plants  in  the  tww4eaf  stage  were  exposed  to  frost  those  grown 
on  the  gray  soil  suffered  much  more  than  did  similar  plants  grown 
on  the  black  soil.  -The  relative  damage  by  freealng  temperatures 
to  these  latter- plants -gr-own  on  the  black  end  gray  soil,  is  shown 

in  Figure  2.  As  the  plants  exposed  to  freezing  temperatures 
shortly  after  emergence  were  probably  obtaining  their  nourishment 
largely  from  the  parent  seed  and  those  exposed  in  the  two-leaf 
stage  largely  from  the  soil  solution,  it  would  appear;  from  the 
results  obtained,  that  the  difference  in  survival  noted  between 
plants  growing  on  the  gray  and  those  growing  on  the  black  soil 
is  due  largely  to  the  relative  composition  of  the  soil  solution 
rather  than  to  the  physical  characteristics  of  the  soils 
concerned. 

The  mean  square  due  to  the  first  order  interaction  of 
varieties  and  soil  types,  and  that  due  to  the  second  order 
interaction  of  varieties  and  soil  types  and  stages  of  development 
cannot,  in  either  ease,  be  regarded  as  significant.  This  shows 
that  the  relative  varietal  reaction  to  freezing  temperatures, 
in  both  the  one-  and  two-leaf  stages,  was  the  same  when  the  plants 
were  grown  on  the  gray  soil  as  it  was  when  the  plants  were  grown 
on  the  black  soil. 

A  summary  of  the  data  obtained  in  the  second  experiment 
with  regard  to  the  reaction  of  two  wheat  varieties  to  freezing 
temperatures,  when  grown  on  gray  and  black  soil  to  which  had  been 
added  various  fertilizers,  is  presented  in  Table  XX.  An  analysis 
of  variance  was  calculated  from  the  data  obtained,  and  this  is 


presented  in  Table  XXI 
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TABLE  XXI 


Analysis  of  variance  of  the  survival  Indices  of 
Marquis  and  Can us  seedlings  grown  on  variously 
fertilized  black  and  gray  soils. 


Variation  due  to: 

Degrees  of 
freedom 

Sum  of 
squares 

Mean 

square 

F 

Treatments 

5 

9,254 

1,851 

5.04* 

Soil  types 

1 

4,306 

4,306 

11.73* 

Treatments  x  soil  types 

5 

3,584 

717 

1.95 

Varieties 

1 

16,759 

16,759 

45.66* 

Treatments  x  varieties 

5 

163 

33 

- 

Soil  types  x  varieties 

1 

506 

506 

1.38 

Treatments  x  soil  types 
x  varieties. 

5 

955 

191 

- 

Replicates 

5 

32,005 

6,401 

- 

Error 

547 

200,957 

367 

- 

Total 

575 

268,489 

- 

- 

*  Exceeds  the  1$  point 
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The  standard  error  of  the  difference  between  the  mean 
survival  indices  of  any  two  treatments  was  calculated  and  found 
to  be  equal  to  2.76,  consequently  differences  in  excess  of  5.5  may 
be  considered  significant.  It  will  he  noted  that  the  average  survival 
index  of  plants  growing  on  soil  that  had  reoeived  an  application  of 
potassium  nitrate,  or  that  of  plants  growing  on  soil  receiving  an 
application  of  calcium  oxide,  was  significantly  lower  than  that  of 
plants  growing  on  soil  that  had  received  an  application  of  potassium 
acid  phosphate  or  that  of  plants  growing  on  unfertilized  soil. 

On  the  average  of  all  treatments,  the  plants  growing  in 
the  black  soil  had  a  significantly  higher  survival  index  than  did 
those  growing  on  the  gray  soil. 

As  the  mean  square  due  to  the  Interaction  of  treatments 
and  soil  types  cannot  be  regarded  as  significant,  it  may  be 
concluded  that  the  various  chemicals  added  affected  the  survival 
of  plants  growing  on  the  gray  soil  in  the  same  manner  as  it  did 
those  growing  on  the  black  soil. 

There  was  no  indication  of  a  differential  varietal 
response  as  none  of  the  mean  squares  due  either  to  varieties 
and  treatments,  varieties  and  soil  types,  or  varieties  and 
treatments  and  soil  types,  can  be  regarded  as  significant. 

A  summary  of  the  data  obtained  in  the  third  experiment 
with  regard  to  the  reaction  of  Marquis  wheat  seedlings  to  low 
temperatures  when  grown  on  completely  fertilized  and  normal  black 
and  gray  soils,  is  presented  in  Table  mi.  An  analysis  of  variance 
was  calculated  from  the  data  obtained  and  is  presented  in  Table  UIH. 
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TABLE  XIII 


The  survival  indices  of  Marquis  wheat  seedlings 
grown  on  fertilized  and  unfertilized  black  and 
gray  soils  after  exposure  to  a  temperature  of 
-10°C. 


Treatment 


Mean  survival  index 

Black  Gray 

soil  soil  Average 


Unfertilized 

Fertilized 


62.4 

48.6 

55.5 

71.5 

40.3 

55.9 

67.0 

44.5 

Average 
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Analysis  of  variance  of  the  survival  indices  pf 
Marquis  wheat  seedlings  grown  on  fertilized  and 
unfertilized  black  and  gray  soils. 


Variation  due  to: 

Degrees  of 
freedom 

Sum  of 
squares 

Mean 

square 

F 

Soil  types 

1 

10,125 

10,125 

9.23* 

Treatments 

1 

3 

3 

- 

Soil  types  x  treatments  1 

1,497 

1,497 

1.36 

Error 

76 

83,341 

1,097 

- 

Total 

79 

94,966 

- 

- 

*  Exceeds  the  1#  point, 
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From  the  data  presented  it  is  evident  that  the 
addition  of  the  complete  fertilizer  to  these  soils  had  no 
appreciable  effect  on  the  frost  injury  sustained  by  plants 
growing  therein.  There  is  a  suggestion  that  it  increased 
this  resistance  when  applied  to  the  black  soil  and  decreased 
it  when  applied  to  the  gray  soil,  but  this  differential  effect 
cannot  be  regarded  as  being  statistically  significant. 

Discussion. 

It  was  pointed  out  that  when  the  plants  were  exposed 
to  freezing  temperatures  shortly  after  emergence,  those  growing 
on  the  gray  soil  did  not  suffer  any  more  damage  than  did  plants 
growing  on  the  black  soil;  but  when  the  plants  were  exposed  to 
freezing  temperatures  when  they  had  reached  the  two-leaf  stage 
those  growing  on  the  gray  soil  were  much  more  susceptible  to 
injury  than  those  growing  on  the  black  soil.  It  was  thought 
that  this  latter  difference  was  probably  due  to  the  difference 
in  the  composition  of  the  soil  solutions  concerned.  By  the 
addition  of  comparatively  large  quantities  of  various  chemicals, 
these  soil  solutions  have  been  variously  modified.  Despite  these 
modifications  the  differences  in  the  survival  values  of  plants 
growing  on  these  soils  and  exposed  to  freezing  temperatures  remains 
largely  unchanged. 

It  would  appear  from  the  results  obtained  that  this 
difference  is  not  due  to  a  deficiency  in  the  gray  soil  of  any  of 
those  elements  commonly  found  to  limit  plant  growth  under  field 
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conditions.  These  results  do  not,  however,  preolude  the 
possibility  of  the  difference  in  survival  being  due  to  the 
chemical  composition  of  the  soil  solutions.  It  is  also 
possible  that  this  difference  in  survival  is  due  to  the 
physical  condition  of  the  soils  concerned.  Modifications  in 
the  physioal  nature  of  these  soils  and  the  determination  of  the 
reaction  to  freezing  temperatures  of  the  plants  growing  therein 
has  not  been  attempted.  It  may  be  possible  that  the  physical 
nature  of  the  soil  affects  the  frost  injury  sustained  by  older 
plants,  even  though  it  apparently  did  not  affect  the  frost  injury 
of  plants  recently  emerged. 

The  reason  for  the  difference  in  survival  of  plants 
grown  on  the  two  soils  and  exposed  to  freezing  temperatures,  is 
not  only  of  scientific  interest  but  also  of  practical  significance, 
as  a  knowledge  of  the  factors  involved  might  be  of  value  in  deter¬ 
mining  field  practices  that  would  tend  to  lessen  the  frost  hazard. 
It  would  appear  therefore  that  further  work  upon  this  problem 
would  be  well  worth  while. 
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The  Reaction  of  Wheat,  Oat  and  Barley  Varieties  to 
Freezing  Temperatures 


Literature  review. 

Aamodt  and  Platt  (1)  tested  the  seedling  frost 
reaction  of  Trebi  barley,  Red  Bobs  222,  Marquis,  Reward 
and  Garnet  wheat,  Victory  and  wild  oats,  by  means  of 
artificial  refrigeration.  Trebi  barley  and  Red  Bobs  222 
wheat  were  found  to  be  the  most  resistant  to  frost  damage, 
while  Victory  oats  and  wild  oats  were  the  most  susceptible. 

Peltier  and  Kiesselbach  (13 )  have  also  tested  the 
frost  reaction  of  several  varieties  of  barley,  wheat  and  oats. 

They  concluded  that  in  order  of  cold  resistance  these  crops 
might  be  ranked  as  wheat,  barley  and  oats,  end  also  that  varieties 
within  any  of  these  crops  differ  materially  in  cold  endurance. 

Waldron  (19)  noted  that  under  field  conditions  spring 
wheat  varieties  differed  materially  in  their  resistance  to 
damage  by  freezing  temperatures.  Ceres  was  noted  to  be  quite 
resistant,  while  under  similar  conditions  Hope  was  very  susceptible. 

Gregory  and  Beeson  (3)  noted,  after  a  naturally  occurring 
frost,  that  winter  wheat  varieties  heading  at  this  time  differed 
in  the  amount  of  damage  sustained  by  the  young  flowers,  purkoff 
and  Miohikoff  were  found  to  be  resistant  to  such  damage,  while 
Red  Chaff,  Goens  and  Rudy  were  susceptible. 
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Varietal  reaction  to  freezing  temperatures  in 
the  seedling  stage. 


Methods. 

In  these  experiments  determinations  were  made  on  the 
reaction  of  32  wheat  varieties,  15  oat  varieties  and  29  barley 
varieties  to  freezing  temperatures  in  the  seedling  stage. 

Two  separate  determinations  were  made  on  the  reaction 
of  the  wheat  varieties  to  freezing  temperatures.  They  were 
grown  in  August  1935  and  again  in  March  1936.  In  each  instance 
the  plants  were  pre -chilled  for  twelve  hours,  when  they  had 
reached  the  two-leaf  stage,  and  then  the  former  were  exposed  to 
a  temperature  of  -8°C.  and  the  latter  to  a  temperature  of  -11°C. 
for  a  period  of  four  hours.  In  each  test  the  varieties  were 
replicated  six  times,  each  replicate  being  made  up  of  approximately 
20  plants  of  each  variety. 

The  reaction  to  freezing  temperatures  of  the  barley 
varieties  was  determined  in  the  same  manner  as  those  of  the 
wheat  varieties  except  that  the  plants  used  in  the  first  test 
were  grown  in  December  1935  and  those  used  in  the  second  test 
in  February  1936. 

Only  one  determination  was  made  on  the  reaction  of  the 
oat  varieties  to  freezing  temperatures.  These  varieties  were 
replicated  only  four  times.  The  plants  were  pre-chilled  for 
twelve  hours  when  they  had  reached  the  two-leaf  stage,  and  then 
exposed  to  a  temperature  of  -10°C.  for  four  hours. 
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Results. 

A  summary  of  the  data  obtained  on  the  reaction  of 
spring  wheat  varieties  to  two  different  freezing  temperatures  is 
presented  in  Table  XXIV.  An  analysis  of  variance  was  calculated 
from  the  data  obtained  and  this  is  presented  in  Table  XXV. 

The  data  show  that  distinct  varietal  differences  in 
survival  following  exposures  to  freezing  tempera tures  exist  among 
tha  varieties  of  spring  wheat  tested.  It  will  be  noted  that  the 
majority  of  the  more  resistant  varieties  are  the  result  of  crosses 
between  spring  and  winter  wheats.  Among  the  better  known  varieties 
found  to  be  resistant  occurred  Red  Fife,  Canus,  Reliance  and  Ceres. 
The  early  varieties  tested,  namely:  Reward,  Khogoh,  Garnet  and 
Ruby  appear  to  be  relatively  susceptible.  Huron  and  Hope  were  also 
found  to  be  quite  susceptible. 

The  mean  square  due  to  the  interaction  of  varieties  and 
temperatures  is  not  significant  (Table  XXV).  This  shows  that  the 
relative  varietal  reaction  was  the  same  when  the  plants  were 
exposed  to  a  temperature  of  -8°C.  as  It  was  when  the  plants  were 
exposed  to  a  temperature  of  -11 °C. 

A  summary  of  the  data  obtained  on  the  reaction  of  the 
oat  varieties  exposed  to  freezing  temperatures  is  presented  in 
Table  XXVT.  An  analysis  of  variance  was  calculated  from  the  data 
obtained  and  is  presented  in  Table  XXVII. 

A  winter  oat  variety,  Winter  Turf,  and  a  stock  culture 
of  Avena  brevis  were  included  in  this  test  and  each  proved  to  be  quite 
resistant.  Victory  and  Leader  were  the  most  resistant  of  the 
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TABLE  XXIV 

Survival  indices  of  wheat  varieties  after  exposure 
to  temperatures  of  -8°C.  and  -11°C. 


Mean  survival  index 


Variety 


n.s.nt 

C,A.N. 

At  -8°C. 

At  -11 °C. 

Average 

1-28-139 

93.3 

68.5 

80.9 

1-33-36 

- 

93.2 

68.6 

80.9 

1-28-114 

- 

89.2 

72.2 

80.7 

1-28-14 

1415 

80.0 

74.8 

77.4 

1-28-137 

_ 

93.2 

60.3 

76.8 

1-28-25 

1628 

84.7 

68.3 

76.5 

1-28-65 

- 

84.7 

67.1 

75.9 

1-0-19 

1515 

83.5 

64.7 

74.1 

1-28-39 

_ 

78.8 

68.5 

73.7 

1-29-4 

1498 

84.8 

62.4 

73.6 

1-25-1 

1263 

83.2 

64.0 

73.6 

1-28-60 

- 

88.7 

56.1 

72.4 

1-30-3 

1635 

82.2 

61.5 

71.9 

1-29-7 

1590 

79.7 

62.5 

71.1 

1-32-42 

- 

85.0 

56.4 

70.7 

1-28-138 

79.8 

60.2 

70.0 

1-28-64 

- 

82.7 

56.9 

69.8 

1-28-20 

1256 

82.3 

56.0 

69.2 

1-31-10 

_ 

75.8 

62.0 

68.9 

1-0-18 

1637 

71.0 

66.5 

68.8 

1-25-12 

1291 

85.0 

50.5 

67.8 

1-0-20 

1514 

75.5 

58.9 

67.2 

1-0-9 

1621 

73.0 

58.2 

65.6 

1-0-5 

1363 

81.5 

49.5 

65 . 5 

1-25-21 

1509 

68.5 

56.9 

62.7 

1-31-12 

68.7 

55.8 

62.3 

1-0-4 

1344 

75.7 

48.0 

61.9 

1-32-29 

_ 

66.8 

52.8 

59.8 

1-29-9 

1615 

73.3 

44.7 

59.0 

1-34-14 

_ 

66.7 

49.3 

58 . 0 

1-25-13 

1316 

69.7 

46.2 

58.0 

S-22-42 

1511 

59.5 

36.0 

47.8 

Marquis  x  Kanred 
Ridit  x  Ceres 
Can  us 

Milturum  0.321 
Marquis  x  Kanred 
Milturum  0.274 
Marquillo  x  (Marq. 

-Kan. ) 

Red  Fife 

Marquis  x  Kanred 

Reliance 

Ceres 

Marquillo  x  (Marq. 

-Kan.  ) 

Preston 

Progress 

Hussar  x  Hard  Fed¬ 
eration. 
Marquis  x  Kanred 
Marquillo  x  (Marq. 

-Kan, ) 

Caesium  0.111 

Reliance  x  Hope 

Red  Bobs  222 

Early  Triumph 

Renfrew 

Marquis 

Kitchener 

Reward 

Hope  x  Ceres 

Huron 

H42  x  Marquis 

Hope 

Khogoh 

Garnet 

Ruby 


♦  University  of  Alberta  Nursery  Stock  Number. 

The  standard  error  of  the  difference  between  any  two  averages 
is  5.64  _  - 
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TABLE  XXV 


Analysis  of  variance  of  the  survival  indices  of 
wheat  varieties  exposed  to  freezing  temperatures. 


Degrees  of 

Variation  due  tor  freedom 

Sum  of 
squares 

Mean 

square 

I 

f 

Varieties 

31 

21,817.0 

703.8 

3. 

68** 

Temperatures 

1 

40,262.0 

40,262.0 

210. 

80** 

Varieties  x  temperatures 

31 

5,574.5 

179.8 

Replicates* 

10 

17,677.5 

1,767.8 

9. 

26** 

Error 

310 

59,214.5 

191.0 

Total 

383 

144,545.5 

- 

*  Made  of  replicates  and  the  interaction  of  replicates  and 
temperatures. 

**  Exceeds  the  1#  point. 
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TABLE  XXVI 

Survival  indices  of  oat  varieties  exposed  to 
a  temperature  of  -10°C. 


Variety 

C.  A.N. 

Mean 

survival  index 

Winter  turf 

291 

53.0 

A.  brevis 

- 

48.8 

Black  Tartarian 

188 

36.5 

Red  Rustproof 

514 

32.7 

Leader 

199 

31.3 

Victory 

518 

31.0 

Black  Algerian 

174 

29.0 

Banner 

62 

27.0 

White  Cross 

601 

22.8 

Liberty 

504 

21.0 

O.A.C.  144 

39 

16.8 

Nidar 

643 

15.5 

Alaska 

458 

13.0 

Gopher 

14 

10.5 

Legacy 

460 

10.3 

The  standard  error  of  the  difference  between  any  two 
means  is  8.98. 
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TABLE  XXVII 


Analysis  of  varianoe  of  the  survival  Indices  of 
oat  varieties  exposed  to  a  temperature  of  -10°C. 


Variation  due  to: 

Degrees  of 
freedom 

Sum  of 
squares 

Mean 

square 

F 

Varieties 

14 

9,392.9 

670.9 

4.16* 

Replicates 

3 

11,182.4 

3,727.5 

23.11* 

Error 

42 

6,776.1 

161.3 

- 

Total 

59 

27,351.4 

- 

- 

*  Exceeds  the  Vfo  point 
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varieties  commonly  grown  in  Alberta.  The  earlier  varieties, 
particularly  Nidar,  Alaska,  Gopher  and  Legacy  were  found  to  be 
quite  susceptible  to  cold  injury. 

A  summary  of  the  data  obtained  on  the  reaotion  of  the 
barley  varieties  to  two  different  freezing  temperatures  is 
presented  in  Table  XXVIII.  An  analysis  of  variance  was 
calculated  from  the  data  obtained  and  is  presented  in  Table  XXIX. 

It  was  found  that  marked  varietal  differences  in  frost 
resistance  exist  among  the  barley  varieties  tested.  Sacremento 
and  Atlas  appear  to  be  quite  resistant,  while  O.A.C.  21,  Trebi, 
Regal  and  Glabron  are  among  the  varieties  only  slightly  less  so. 
Again,  the  early  varieties,  particularly  Ottawa  No. 1014,  Olli 
and  Lapland  were  found  to  be  quite  susceptible.  Two  other  early 
varieties,  Pannier  and  Success,  appear  however  to  be  moderately 
resistant. 

The  mean  square  due  to  the  interaction  of  varieties  and 
temperatures  (Table  XX3X)  may  be  regarded  as  significant.  This 
indicates  that  some  of  the  varieties  tested  reacted  In  a  differ¬ 
ential  manner  when  exposed  to  the  two  different  freezing 
temperatures.  Cross  differences  can  be  obtained  between  the 
responses  of  any  two  varieties  to  each  of  the  two  freezing 
temperatures.  The  differences  between  the  mean  survival  indices 
of  six  replicates  of  each  variety  when  exposed  to  two  freezing 
temperatures  were  obtained  by  subtracting  the  survival  index 
obtained  at  -11°C.  from  that  obtained  at  -  8°C.  These  data  are 
presented  in  Table  XXX.  The  standard  error  of  the  difference 


.  < 

r.doo  o$  e.id  ttqeeeuQ  erivp 

l  i  ■  t  ,  :  -  •  ■ 

s 2  ■&<tute*ivqmt  y.  .;._se-  t  *  .  -•*d  Q*  aeidstaev  *el*fid 

•I 

ni  ...  a?  8i  r>n«  J^Suin^oc  01:.'-  j.sso’xt 

resit  fii  lafreiwr  ;>3fc:u  £©il£  fexa/ot  aew  t I 

, 

.  #  ,  ; 

. 

« 

*  .•  is:  a  tee's 

as  aei^el-.  :v  to  ookr ;>©**$ ni  edi  os  &isb  eneupe-  mm  edT 

„ 

-'iQttlo  s  .:!  becro-sax  &6#sa*  aei^aJt^v  ©d?  to  moe  fed#  e&t&otfrni 
:-..  > isoeit  ^c©*£®ttj:o  or?  @r? ••  Co  fcaeoqx*?  fldf&r  is/irisna 

;ss;-.t  ovtf  .. ; :?  \:o  i-.o&e  c?  ey'^iuv  ow'd  ^ne  to  eeei?oqa«* 

*  - 

gnxsesttt  owd  ot  baac-qxs  nsrfw  ripaa  to  eadaoiXqei;  xia  to 

xsbai  lavlv^wa  oil?  r;:ltos*rtdna  x&  fcani£Jdo  st©.#  a©*xu^©*iyqaiaJ’ 

. 

i 


83  - 


TABLE  XXVIII 

Mean  survival  indices  of  barlev  varieties  after 
exposure  to  temperatures  of  -8°C.  and  -11°C. 


Mean  survival  index 


Variety 

C.A.N. 

At  -  8°C • At  -11°C. 

Average 

Sacremento 

744 

74.0 

55.2 

64.6 

Atlas 

702 

68.7 

44.3 

56.5 

0.A.C.21 

1086 

71.0 

32.4 

51.7 

Trebi 

753 

66.7 

36.0 

51.4 

0.A.C.21 

734 

64.0 

34.6 

49.3 

Regal 

742 

72.2 

23.3 

47.8 

Glabron 

718 

68.0 

27.0 

47.5 

Colsess 

772 

72.0 

22.5 

47.3 

Eureka 

773 

57.0 

35.6 

46.3 

Success 

783 

64.2 

25.8 

45.0 

Peatland 

722 

62.0 

24.4 

43.2 

Spartan 

860 

63.2 

22.2 

42.7 

Vaughn 

1090 

52.3 

32.7 

42.5 

Pannier 

1042 

44.5 

36.9 

40.7 

Nobarb 

1022 

47.8 

28.2 

38.0 

Gold 

829 

59.2 

15.5 

37.4 

Hannchen 

837 

60.3 

13.7 

37.0 

Velvet 

755 

53.5 

19.9 

36.7 

Comfort 

712 

50.2 

20.8 

35.5 

Ottawa  No. 1014 

1105 

53.3 

17.0 

35.2 

Himalayan 

765 

40.0 

28.2 

34.1 

Olli 

739 

49.5 

13.9 

31.7 

Gordon 

833 

45.3 

17.3 

31.3 

Lapland 

877 

44.8 

16.6 

30.7 

Canadian  Thorpe 

816 

49.0 

10 . 3 

29.7 

Sanalta 

1088 

50.3 

8.7 

29.5 

Bearer 

704 

30.2 

19.4 

24.8 

Manchurian 

724 

27.3 

20.8 

24. 1 

Newal 

1089 

27.5 

11.1 

19.3 

The  standard  error  of  the  difference  between  any  two 
averages  is  4.98. 
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TABLE  XXIX 


Analysis  of  variance  of  the  survival  indices  of 
barley  varieties  exposed  to  freezing  temperatures 


Variation  due  tor 

Degrees 

freedom 

Sum  of 
squares 

Mean 

square 

F 

Varieties 

28 

35,446.0 

1,265.9 

8.51** 

Freezing  temperatures 

1 

78,961.3 

78,961.3 

53.06** 

Varieties  x  freezing 
temperatures 

28 

31,947.6 

1,141.0 

7.67** 

Replicates* 

10 

108,945.2 

10,894.5 

73.21** 

Error 

280 

41,677.6 

148.8 

- 

Total 

347 

296,977.7 

- 

- 

*  Includes  replicates  and  the  interaction  of  replicates  and 
freezing  temperatures. 

**  Exceeds  the  1#  point. 
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TABLE  XXX 

Differences  between  the  results  of  -  8°C.  and  -11°C. 
exposures  according  to  survival  indices. 


Variety 

C.A.N. 

Difference 

Sacremento 

744 

18.8 

Atlas 

702 

24.4 

O.A.C.  21 

1086 

38.6 

Trebi 

753 

30.7 

O.A.C.  21 

734 

29.4 

Regal 

742 

48.9 

Glabron 

718 

41.0 

Cols ess 

772 

49.5 

Eureka 

773 

21.4 

Success 

783 

38.4 

Peatland 

722 

37.6 

Spartan 

860 

41.0 

Vaughn 

1090 

19.6 

Pannier 

1042 

7.6 

Nobarb 

1022 

19.6 

Gold 

829 

43.7 

Hannchen 

837 

46.6 

Velvet 

755 

33.6 

Comfort 

712 

29.4 

Ottawa 

1105 

36.3 

Himalayan 

765 

11.8 

0111 

739 

35.6 

Gordon 

833 

28.0 

Lapland 

877 

28.2 

Canadian  Thorpe 

816 

38.7 

Sanalta 

1088 

41.6 

Bearer 

704 

10.8 

Manchurian 

724 

6.5 

Newal 

1089 

16.4 

Average 

30.1 
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between  two  euch  differences  was  calculated  and  found  to  be 
equal  to  9.96  units,  consequently  differences  in  excess  of 
19.9  units  may  be  considered  significant.  The  average  difference 
between  all  varieties  exposed  at  -11°C.  and  at  -8°C.  was  30.1 
units.  It  will  be  noted  that  Regal,  Colsess,  Pannier  and 
Manchurian  are  among  the  varieties  that  gave  a  differential 
reaction.  Such  differential  responses  might  well  be  expected. 

It  would  appear  that  the  variety  Regal,  for  example,  is  able  to 
withstand  a  temperature  of  -8°C.  quite  satisfactorily  but  when 
it  is  exposed  to  a  temperature  of  -11 °C.  the  resistance  that  it 
exhibited  at  -8°C.  was  broken  down,  and  the  variety  becomes  re¬ 
latively  susceptible.  On  the  other  hand,  the  variety  Manchurian 
is  very  susceptible  even  at  -8°C.  and  consequently  would  not  be 
expected  to  become  increasingly  susceptible  at  a  lower  temperature 
to  the  same  extent  as  would  other  varieties  which  exhibited  more 
resistance  at  the  higher  temperature.  If  a  search  for  highly 
resistant  varieties  were  being  conducted,  it  would  seem  wise  to 
use  a  freezing  temperature  that  would  severely  injure  the  most 
resistant  varieties  in  the  test,  and  in  this  way  it  would  be 
possible  to  eliminate  those  varieties  whose  resistance  rapidly 
diminishes  with  a  lowering  of  the  freezing  temperature.  On  the 
other  hand,  if  it  is  desired  to  evaluate  the  actual  difference 
between  two  varieties,  it  would  seem  necessary  in  conducting  the 
test  to  use  a  range  of  freezing  temperatures  rather  than  one 
particular  freezing  temperature. 
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Varietal  reaction  to  freezing  temperatures  in 
the  heading  stage. 


Methods. 

Two  varieties  of  spring  wheat,  Marquis  and  Canus,  were 
used  in  studying  the  reaction  of  wheat  varieties  to  freezing 
temperatures  at  the  time  of  heading.  Four  plantings  of  these 
two  varieties  were  made  with  two  days  intervening  between  eaoh 
planting.  Within  each  planting  the  varieties  were  replicated 
ten  times,  each  replicate  containing  about  30  plants  of  each 
variety.  The  plants  were  kept  trimmed  so  that  only  one  culm  per 
plant  was  allowed  to  develop.  At  the  time  Mien  freezing  tests 
were  to  be  made  pollination  had  occurred  in  the  first  lot  of 
plants  sown,  was  just  occurring  in  the  second  lot;  the  anthers 
were  still  green  in  the  third  lot,  and  the  spike  had  not  emerged 
from  the  boot  in  the  fourth  lot.  As  variation  always  occurs, 
even  within  a  spike,  these  descriptions  are  indicative  only  of 
the  stage  of  development  of  the  majority  of  the  spikelets 
concerned.  As  far  as  could  be  determined,  the  plants  of  one 
variety  were  comparable  to  those  of  the  other  in  regard  to  the 
stage  of  maturity  to  which  they  had  attained  at  this  time.  The 
plants  were  pre -chilled  for  twelve  hours  and  then  exposed  to  a 
temperature  of  -4°C.  for  a  period  of  four  hours,  except  for  two 
replicates  of  each  planting  which  were  retained  as  non-frozen 
checks.  At  maturity  the  number  of  fertile  and  non-fertile  spikes 
was  recorded. 
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On  August  21,  1935,  a  temperature  of  -3°C.,  of  approxi¬ 
mately  three  hours  duration,  ooourred  in  the  plots  at  this 
station.  Immediately  following  this  frost  about  100  spikes  of 
Canus  and  of  Marquis  were  tagged.  The  anthers  of  these  tagged 
spikes  were  still  quite  green,  consequently  they  were  somewhat 
comparable  in  their  stage  of  development  to  the  third  planting 
referred  to  above.  Unfortunately  it  was  not  possible  to  find 
spikes  of  these  two  varieties  at  other  comparable  stages  of 
development.  These  tagged  spikes  were  later  harvested  and 
the  percentage  of  fertile  and  non-fertile  florets  per  spike  were 
noted. 

Results. 

A  summary  of  the  ddta  obtained  on  the  injury  sustained 
by  Marquis  and  Canus  plants  exposed  to  freezing  temperatures 
at  the  time  of  heading  are  presented  in  Table  XXXI.  An  analysis 
of  variance  was  calculated  from  the  data  obtained  and  is  presented 
in  Table  XXXII. 

It  was  found  that  whenever  a  spike  was  damaged  by 
artificially  produced  freezing  temperatures,  all  florets  on  that 
spike  were  sterile,  consequently  the  damage  was  noted  as  the 
percentage  of  spikes  damaged  by  frost. 

According  to  the  data  obtained,  on  the  average  of  all 
determinations,  Marquis  suffered  significantly  more  than  did  Canus. 

The  relative  varietal  reaction  was  the  same,  regardless 
of  the  stage  at  which  the  plants  were  exposed  to  freezing  tempera¬ 
tures  as  is  shown  by  the  fact  that  the  mean  square  due  to  the 
interaction  of  varieties  and  stages  of  development  cannot  be 
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The  effect  of  exposure  to  a  temperature  of  -4°C.  at  different  stages 
of  development  of  Marquis  and  Canus  wheat  on  the  percentage  of 
sterile  spikes. 
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TABLE  XXIII 


Analysis  of  variance  of  the  percentage  of  sterile 
spikes  of  wheat  varieties  exposed  to  freezing 
temperatures  at  different  stages  of  development. 


Variation  due  to: 

Degrees  of 
freedom 

Sum  of 
squares 

Mean 

square 

F 

Varieties 

1 

9,120.31 

9,120.31 

36.10* 

Stages  of  development 

3 

7,418.87 

2,472.96 

9.79* 

Varieties  x  stages  of 
development 

3 

155.32 

51.77 

- 

Replicates 

7 

9,769.00 

1,395.57 

- 

Error 

49 

12,379.00 

252.63 

- 

Total 

63 

38,842.50 

- 

- 

*  Exceeds  the  1 %  point 
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considered  significant. 

It  will  be  noted  that  the  plants  suffered  signif ioantly 
more  damage  when  exposed  to  freezing  temperatures  at  the  time  of 
pollination  than  they  did  when  exposed  at  any  other  stage. 

When  the  spikes  of  these  varieties,  exposed  to 
naturally  occurring  freezing  temperatures,  were  examined  it  was 
found  that  the  type  of  injury  was  somewhat  different  than  that 
obtained  when  the  plants  were  damaged  by  artificially  produced 
freezing  temperatures.  In  these  latter  spikes  it  was  found 
that  in  nearly  all  cases  a  part  of  the  spike  would  be  fertile 
while  the  remainder  would  be  sterile.  The  sterile  florets 
occurred  apparently  at  random  amongst  the  fertile  florets.  As 
a  result  the  damage  was  noted  as  the  percentage  of  sterile 
florets  rather  than  as  the  percentage  of  sterile  spikes.  The 
upper  and  lower  spikelets,  which  are  commonly  sterile,  were 
discarded  before  the  counts  were  made.  It  was  found  that  the 
percentage  of  sterile  florets  was  58  and  51  for  Marquis  and 
Can  us  respectively.  The  statistical  significance  of  the 
difference  noted  was  examined  by  means  of  Fisher’s  T  method. 

The  P  value  obtained  was  greater  than  .£,  consequently  the 
difference  noted  cannot  be  regarded  as  being  statistically 
significant. 

The  author  is  of  the  opinion  that  no  conclusions  may 
be  drawn  from  these  results  until  further  data  are  obtained  from 
other  experiments  of  a  similar  nature.  Circumstances  beyond  the 
author’s  control  precluded  the  possibility  of  obtaining  these 
data.  The  importance  of  frost  damage  at  this  stage  of  the  plant’s 
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development,  and  the  indications  that  varietal  differences  exist 
would  seem  to  be  sufficient  grounds  to  warrant  further  work  in 
this  field. 


Discussion. 

The  fact  that  the  early  varieties  of  wheat,  oats  and 
barley  were  found  to  be  generally  susceptible  to  frost  injury 
suggests  that  a  relationship  may  exist  between  these  characters. 

In  the  experiments  conducted  all  of  the  varieties  in  a  given  test 
were  seeded  at  one  time,  and  all  the  resulting  plants  were  exposed 
to  freezing  temperatures  at  a  given  number  of  days  after  seeding. 
It  is  therefore  possible  that  the  early  varieties  were  actually  at 
a  later  stage  of  development  when  exposed  to  the  freezing  tempera¬ 
tures  than  were  the  later  varieties.  Then,  if  plants  become  more 
susceptible  at  later  stages  of  development,  the  differences  in 
survival  noted  would  be  at  least  in  part  due  to  this  cause  rather 
than  to  the  inherent  potentialities  of  the  varieties  concerned. 

It  is,  however,  difficult  to  believe  that  the  varieties  differed 
in  the  stage  of  development  that  they  had  attained  at  such  an 
early  date  after  seeding,  to  a  sufficient  extent  to  account  for 
the  differences  noted.  Certainly  any  differences  present  were 
not  noticeable  to  the  eye. 

If  we  assume  that  cold  susceptibility  is  an  inherent 
property  of  these  early  varieties,  the  suggestion  at  once  presents 
itself  as  to  the  possibility  of  an  association  between  factors  for 
earliness  and  factors  for  cold  susceptibility.  In  this  connection 
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it  might  be  noted  that  Neatby  (10)  has  shown  that  winter  habit 
in  barley  is  in  reality  the  expression  of  an  accumulated  series 
of  late  growth  factors.  There  would  appear  to  be  some  grounds 
at  least  for  assuming  that  winter  habit  is  associated  with  cold 
resistance. 

is  earliness  is,  and  cold  susceptibility  probably  is, 
controlled  by  several  genetical  factors  any  association  between 
these  characters  would  probably  be  due  to  the  multiple  effect  of 
single  genes  rather  than  due  to  a  linkage  between  genes  for 
earliness  and  those  for  cold  susceptibility. 

Any  degree  of  association  between  these  factors  would  tend 
to  the  production  of  early  cold  susceptible  varieties  and  late  cold 
resistant  varieties,  as  no  conscious  selection  has  been  made  for 
cold  resistance  among  the  hybrid  populations. 

From  the  standpoint  of  crop  improvement,  this  whole 
question  deserves  attention  from  the  plant  breeder.  At  present, 
considerable  work  is  being  done  on  the  production  of  new  early 
varieties  of  cereals.  Even  if  it  is  granted  that  no  association 
exists  between  earliness  and  cold  susceptibility,  if  cold  susceptible 
varieties  are  used  as  parental  stocks,  and  no  attention  is  paid  to 
the  cold  resistance  of  the  progeny,  then  there  is  a  danger  of 
obtaining  varieties  as  susceptible  or  more  so  than  those  at  present 
in  use.  As  these  new  varieties  are  designed  for  those  areas  where 
frost  injury  is  most  likely  to  be  a  serious  limiting  factor  in  crop 
production,  and  as  it  appears  that  seedling  frost  damage  seriously 
delays  the  maturity  of  the  plants  so  injured,  the  danger  involved 
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appears  to  be  sufficiently  serious  to  warrant  some  attention 
being  given  to  it.  The  knowledge  of  the  approximate  mode  of 
the  inheritance  of  cold  resistance  in  oereal  crops  and  more 
particularly  of  the  associations,  if  any,  between  this  character 
and  any  other  characters  would  therefore  be  of  considerable  value 
to  plant  breeders  who  are  developing  crops  for  northern  regions. 
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SUMMARY  . 


Five  varieties  of  spring  wheat  were  injured  in  the 
two-  and  in  the  five-leaf  stage  by  frost  and  by  defoliation. 

One  lot  of  this  material  was  allowed  to  grow  to  maturity  in 
the  greenhouse  and  one  lot  was  transplanted  to  the  field,  shortly 
after  being  exposed  to  freezing  temperatures,  and  allowed  to  grow 
to  maturity. 

On  the  average,  the  lightly  frozen  plants  were  about 
three  days  later,  the  defoliated  plants  about  five  days  later 
and  the  severely  frozen  plants  about  nine  days  later  in  heading 
than  were  comparable  non-in jured  plants.  The  differences  in  days 
from  emergence  to  Reading  were  accentuated  when  the  plants  were 
grown  to  maturity  in  the  greenhouse  compared  with  the  differences 
obtained  when  the  plants  were  grown  to  maturity  in  the  field.  Those 
plants  injured  in  the  five -leaf  stage  were  about  two  days  later  in 
heading  than  were  plants  injured  to  the  same  degree  in  the  two-leaf 
stage. 


The  height  of  injured  plants  at  maturity  was  found  to  be 
not  greatly  different  frcm  that  of  non-in jured  plants. 

The  number  of  fertile  culms  per  injured  plant  was 
approximately  the  same  as  the  number  of  fertile  culms  per  non-in jured 
plant  when  the  plants  were  grown  in  the  greenhouse,  presumably 
under  conditions  of  a  very  limited  nutrient  supply.  When,  however, 
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the  plants  were  grown  in  the  field  and  having  presumably  a  more 
generous  nutrient  supply,  those  plants  severely  injured  by  frost 
showed  a  reduction  in  fertile  culms  per  plant  of  approximately 
30  per  cent,  and  those  defoliated  a  reduction  of  approximately 
20  per  cent,  when  compared  with  non-injured  plants. 

Under  normal  field  conditions  plants  defoliated  in 
the  two-  and  in  the  five-leaf  stages  were  found  to  be  significantly 
later  in  maturing,  lower  in  yield  per  acre/vbut  not  different  in 
height,  when  compared  with  non-injured  plants. 

There  was  no  evidence  that  any  one  variety  was  consistently 
able  to  recover  from  the  same  degree  of  injury  to  a  greater  extent 
than  were  any  of  the  other  varieties  tested. 

Wheat  plants  were  grown  in  soil  maintained  at  approximately 
the  same  moisture  content  during  the  growth  of  the  plants,  but 
varied  at  the  time  the  plants  were  exposed  to  freezing  temperatures. 
The  least  injury  occurred  among  plants  growing  in  soil  having  a 
high  moisture  content  and  the  greatest  among  plants  growing  in  soil 
having  a  low  moisture  content.  These  differences  were  not  as  great 
when  the  plants  were  pre-chilled  for  twelve  hours  as  they  were 
when  the  plants  were  not  pre-chilled. 

Wheat  plants  were  grown  in  sand  and  soil  cultures 
maintained  at  three  different  moisture  contents  during  the  growth 
of  the  plants  but  brought  to  the  same  moisture  content  at  the  time 
the  plants  were  exposed  to  freezing  temperatures.  The  survival 
indices  of  plants  grown  at  the  various  moisture  contents  did  not 
differ  significantly.  _ _  . 
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No  significant  differences  were  found  to  occur  between 
the  survival  indices  of  plants  growing  in  border  and  plants 
growing  in  inside  rows  of  the  flats  used  in  these  experiments. 

The  survival  indices  of  plants  grown  from  normal,  slightly 
frozen,  severely  frozen,  and  seed  from  which  a  portion  of  the 
endosperm  had  been  artificially  removed,  were  found  to  be  not 
significantly  different* 

Wheat,  oat  and  barley  plants  were  grown  on  a  black 
highly  fertile  soil  and  on  a  gray  relatively  infertile  soil. 

When  these  plants  were  exposed  to  freezing  temperatures,  shortly 
after  emergence,  those  plants  growing  on  the  gray  soil  did  not 
suffer  any  more  injury  than  did  those  growing  on  the  black  soil; 
but,  when  the  plants  were  exposed  to  freezing  temperatures  at  the 
two-leaf  stage,  those  growing  on  the  gray  soil  suffered  much  more 
damage  than  did  those  growing  on  the  black  soil. 

Potassium  acid  phosphate,  sodium  acid  phosphate, 
potassium  nitrate,  sodium  nitrate  and  calcium  oxide,  were  added 
separately  to  these  two  soils.  In  no  instance  were  the  plants 
grown  in  soils  so  fertilized  more  frost  resistant  than  plants 
growing  in  unfertilized  soils.  Furthermore,  the  addition  of  a 
"complete"  fertilizer  containing  the  elements  potassium,  phosphorous, 
nitrogen  and  sulphur,  to  these  soils  failed  to  increase  the  cold 
resistance  of  wheat  plants  growing  therein,  as  compared  with  those 
growing  in  unfertilized  soil. 
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Wheat  varieties  were  found  to  differ  distinctly  in 
their  reaotions  to  freezing  temperatures  in  the  seedling  stage. 
Similar  differences  were  noted  among  oat  and  among  barley 
varieties. 


Some  evidence  was  obtained  to  show  that  wheat  varieties 
may  differ  in  their  frost  reaction  at  the  heading  stage. 

Attention  is  called  to  the  fact  that  the  early  maturing 
varieties  of  cereals  tested  in  these  experiments  were  all  found 
to  be  relatively  susceptible  to  frost  injury  in  the  seedling 
stage. 
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